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ADVERTISEMENT 


TO   THE   THIRD   EDITION 


The  two  former  editions  of  this  work  were  based  upon  the  excellent 
Manual  of  Professor  Brande,  but  the  progress  of  chemical  science  has 
rendered  it  necessary  to  deviate  so  much  from  his  arrangement,  that  in  the 
present  edition  it  has  been  entvely  remodelled.  In  several  institutions, 
where  this  work  had  been  in  use  as  a  text  book,  it-  became  necessity  to . 
seek  for  some  other,  in  consequence  of  its  having  become  out  of  print. 

Several  editions  of  Dr  Turner's  Elements  of  Chemistry  having  ap- 
peared in  this  country,  under  the  able  supervision  of  a  gentleman  eminent 
for  his  scienlific  attainments,  that  work  was  adopted  in  many  institutions. 
As  Dr  Turner's  work  was  not  so  practical  and  elementary  as  was 
desirable,  a  new  edition  of  it,  calculated  to  meet  the  wants  of  beginners, 
was  commenced  by  the  compiler  of  this,  but  was  subsequently  relinquished 
on  learning  that  Professor  Bache  was  preparing  a  new  edition  of  the  former. 

In  August,  1838,  a  part  of  this  new  edition  was  published,  since  that 
time  no  more  of  it  has  appeared.  The  delay  was  attributed  to  the 
decease  of  the  author,  but  it  was  soon  after  announced  that  the  publication 
of  the  sixth  edition  of  the  Elements  would  be  continued  by  the  brother  of 
Dr  Turner  and  Professor  Liebig.  A  portion  of  their  joint  work  appeared 
in  London,  a  part  of  which  was  republished  in  this  country,  and  a  few 
pages  followed  in  England  on  organic  chemistry.  More  than  a  year  has 
elapsed  and  no  more  has  been  published.  Under  these  circumstances, 
and  at  the  repeated  request  of  gentlemen  connected  with  various  colleges, 
a  new  edition  of  this  Manual  was  commenced  and  has  been  completed,  in 
which  is  incorporated  much  of  the  most  important  elementary  part  of 
Turner  and  Liebig's  work. 

It  was  deemed  advisable  to  reduce  the  size  of  the  work,  and  to  embody 
more  practical  details  and  more  copious  experimental  illustrations,  than 
are  generally  given  in  the  larger  works. 

This  edition  has  therefore  been  compiled  from  the  volumes  of  Turner, 
Brande,  Faraday,  Liebig,  Thomson,  and  others,  and  as  an  introduction 
to  them,  with  no  more  alteration  than  was  required  to  preserve  uniformity 
and  connexion.*     The  frequent  references  and  designation  of  the  writers' 


*  Nameroiu  errors  (probably  of  the  press)  in  the  English  edition  of  Tamer  aod  Liebig's  work 
haTc  been  corrected. 


vi  MvertUttntfU^ 

names  by  the  initial  letters,  will  enable  those  who  are  desirous  of  studying 
the  subjects  more  in  detail  to  turn  to  the  originals. 

Chemical  formulae  have  been  largely  employed  in  the  present  edition  : 
those  of  Turner  and  Liebig,  so  far  as  they  have  been  used  in  the  three 
parts  of  the  sixth  English  edition  of  Turner's  Elements  that  have  apneared. 

Dr  Thomson's  recent  volume,*  the  most  complete  treatise  on  Organic 
Chemistry  which  we  have  in  the  English  language,  has  been  made  the  basis 
of  the  division  to  which  it  relates*  In  that  work  the  author  has,  with  vast 
labour,  collected  and  embodied  the  materials  that  have  been  for  several 
years  accumulating  from  the  labours  of  the  French  and  German  chemists, 
and  which  are  scattered  through  so  many  of  their  works  and  journals. 
Although  in  Organic  Chemistry  the  arrangement  of  Dr  Thomson  has 
been,  for  the  most  part,  followed,  it  has  not  been  rigidly  adhered  to,  as  it 
promised  more  advantage  to  the  beginner  to  connect  the  description  of 
some  substances  more  immediately  with  the  bodies  affording  them. 

As  but  a  very  limitecf  portion  of  time  is  given  to  the  department  of  what 
has  been  usually  called  Animal  Chemistry,  in  roost  institutions  and 
courses  of  lectures,  it  was  concluded  that  a  very  concise  chapter  would 
answer  the  purpose.  Many  of  the  facts  also  that  have  usually  been 
arranged  in  that  division,  are  previously  alluded  to  in  the  preceding 
chapters.  It  was  therefore  thought  that  the  account  of  animal  substances 
in  the  text  book  of  Dr  Reid,  of  Edinburgh,  with  some  additions,  would 
be  sufficient. 

In  regard  to  chemical  analysis  its  details  have  now  become  so  extended, 
that  they  require  a  distinct  work,  and  as  those  who  intend  to  prosecute ' 
them  must  very  much  rely  upon  their  familiar  acquaintance  with  chemical 
science,  and  refer  to  the  treatises  particularly  devoted  to  this  depart- 
ment, what  related  to  that  subject  in  former  editions  has  been  omitted. 
No  one  who  intends  to  prosecute  chemical  analysis  will  fail  to  consult  the 
ample  details  of  Rose,  Berzelius,  Faraday,  Dumas,  and  the  various 
Journals  and  Transactions  in  which  the  original  analyses  and  papers  have 
appeared. 

Electricity  and  Electro-Magnetism,  are  now  most  usually  discussed 
in  collegiate  courses  of  instruction  in  the  department  of  Mechanical  Phi- 
losophy. 

The  description  of  complicated  apparatus  has  been  avoided,  as  such  is 
seldom  attainable  by  the  pupil  and  not  necessary  for  elementary  study. 
So  also  has  it  been  thought  sufficient  to  refer,  for  abstruse  points  of  theory^ 
and  description  of  complicated  processes,  to  original  papers,  to  which 
those  who  zealously  undertake  the  study  of  chemistry  will  necessarily 
have  recourse.  The  full  descriptions  of  processes  in  the  Chemical  Arts^ 
given  by  Dr  Ure  in  his  lately  published  Dictionary  of  Arts  and  JUanu- 
facturesy  have  rendered  it  unnecessary  to  retain  many  in  the  present 
edition  of  this  work. 

Copious  tables  of  chemical  formulae  and  of  atomic  weights,  which  had 
been  prepared,   have  been  omitted,  as  it  was   found  tliac  their  insertion 

*  Chemiitjy  of  Organic  Bodiet,   London :  1838.    pp.  1076. 
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would  have  materially  increased  the  size  and  expense  of  the  volume,  and 
such  are  at  hand  in  the  larger  works  on  the  science. 

To  the  gentlemen  who  have  aided  the  progress  of  the  work,  by  public 
documents,  valuable  suggestions,  or  written  communications,  the  compiler 
would  express  his  obligations,  especially  to  the  Honorable  John  Qumcy 
Adams,  R.  M.  Patterson,  Esq.,  of  the  U.  8.  Mint,  Professor  Silliman, 
A.  A.  Hayes,  Esq.,  Drs  C.  T.  Jackson  and  S.  L.  Dana,  as  also  to 
Francis ^Peabody,  Esq.,  of  Salem,  for  his  usual  liberality  in  allowing 
several  new  instruments,  from  bis  richly  appointed  laboratory,  to  be  copied 
and  described. 

In  accordance  with  a  better  taste  which  prevails  among  the  scientific 
men  of  Europe,  all  titles  have  been  omitted,  it  being  deemed  sufficient 
that  the  names  quoted  are  considered  as  authoriHes. 

Hakvard  Universitt,  Cambridoe,  1839. 


NoTi  — All  the  articles  of  apparatuii  figured  in  this  work  are  now  manufactured  or  fur- 
nished by  N.B  Chamberlain,  rhiiosopliieallnstnimentMaker,  School-street,  Boston.  The 
glass  apparatus  is  beautihiUy  made  by  the  New-England  Glass  Company,  and  Electro-Mag- 
netic Apparatus  by  Daniel  Davis,  Jj  Cornhill,  Boston. 


NOTE. 

The  letter  D.  refers  to  Davy's  EUmmUs  of  Chemical  Philosophy. 
H.     «*  Henry's  ChemiMtry. 

U.      '*         Ure's  Dictionary  of  Chemistry, 
M.      ^^  Murray's  System  of     do, 

T.     *'  Turner's  Ist  and  2d  part. 

Tr5  ''  '*  Elements,  5th  edition. 

T.  and  L.  refer  to  Turner  and  Liebig's  continuation. 
T.  in  chap.  ix.  refers  to  Thomson's  Organic  Chemistry. 
B.  <<         Brando's  Manval. 

F.  "         Faraday's  Chemical  Manipulation. 


EXPLANATION  OF  PLATES. 


Description  of  Frontispiece, 


Figt.  1  and  2  represent  a  modification  of  the  Argand  lamp,  contrived  by  Dr  C.  T*  Jack- 
son, and  which  he  has  called  oxyalcohbl  and  air  blast  lamp. 

Fig.  1.  A,  reservoir  for  alcohol  containing  10  oz.  measures;  B,  connecting  tube  from 
reservoir  to  burner ;  C,  burner  containing  the  elevator  and  blow-pine ;  D,  blast  tube  for  oxy- 
gen or  air  from  the  bellows  or  gasometer ;  e  e,  inner  cylinder  or  olow-pipe,  expanded  to  a 
trumpet  form  at  top,  where  the  opening  may  be  regulated  by  turning  the  screw  H,  so  as  to 


Fig.  2.  The  lamp  ready  for  work.  A,  reservoir ;  B,  burner ;  C,  blast  tube  connected 
with  the  gasometer  or  bellows  pipe,  and  controlled  by  a  cock  in  order  to  shut  off  or  let  on 
the  blast  at  pleasure ;  £,  crucible  of  platina  on  a  slena  ring  and  support  6xed  by  the  clamps 
e  and/;  g,  screw  for  fixing  the  lamp  at  any  required  height  on  the  rod  or  stand ;  A,  brass 
retort  ring  for  larger  vessels  used  tu  support  a  retort,  or  for  evaporations,  digestions,  Ac. 

Fig.  3.  Copper  frame  for  a  mica  chimney.  The  mica  being  rolled  it  is  inserted  so  that 
the  lappiiw  eoges  come  under  one  of  the  copper  strips,  k  k.  When  the  ends  of  the  copper 
strips  are  bent  down  and  pressed  tight  so  as  to  secure  the  mica  in  place :  one  fhune  will 
outlast  many  mica  chimneys. 

Fig.  4.  t,  india-rubber  cloth  bag  and  weighty,  for  oxygen  gas,  when  a  gasometer  is  not 
at  hand. 

When  the  lamp  is  to  be  used,  the  reservoir  is  charged  with  alcohol  at  90®  strength,  and 
if  oxycen  gas  is  to  be  employed,  a  little  **  spirit  gas  may  be  added,  but  good  alcofaol  is 
preferable.  The  cup  is  unscrewed  from  the  bottom  of  the  burner  and  the  lower  orifice 
closed  by  a  good  corlc.  The  blast  tube  is  raised  or  depressed  as  required  to  produce  the 
best  effect  on  the  flame.  The  platinum  crucible  is  heated  to  full  redness  by  the  natural 
current  of  air ;  then,  having  raised  the  wick,  on  urging  a  blast  by  means  of  bellows,  a  very 
intense  heat  will  be  obtained. 

This  lamp  is  very  powerful  when  used  with  oil  and  a  blast  of  hot  air,  the  air  being 
heated  in  a  copper  tube  over  a  charcoal  fire  in  a  wire  grate  ;  all  the  smoke  is  consumed! 
With  this  lamp  a  piece  of  lime  or  magnesia  may  be  as  intensely  ignited  as  in  Drummond's 
apparatus  (251). 

By  throwing  a  current  of  oxygen  gas  outside  the  flame,  a  more  perfect  combustion  of  oil 
takes  place,  but  the  wick  will  then  require  to  be  elevated  by  means  of  a  rack  and  pinion. 
The  outside  current  is,  however,  not  wanted,  a  sufiiciently  high  temperature  for  most  pur- 
poses being  obtained  without  it. 

These  lamps  are  manufactured  by  Hooper  and  Blake,  Boston. 

Fi^.  5,  represents  an  air  pump  constructed  by  Chamberlain,  of  Boston,  for  Harvard  College. 
The  mtemal  length  of  the  barrel  is  13  inches,  and  the  diameter  4  inches.  The  piston  rod 
passes  throuffh  an  air-tight  collar,  the  upper  part  of  which  is  concave,  to  receive  oil,  and  into 
which  the  oil  that  is  thrown  out  when  tne  piston  is  elevated,  is  conveyed  by  a  small  bent  tube 
passing  out  of  the  upper  flange  over  the  upper  valve.  The  lower  valve  is  formed  by  G  small 
boles  covered  with  leather,  and  there  is  a  similar  valve  in  the  upper  flange  opening  upwards. 
By  this  arrangement  the  atmospheric  pressure  is  cut  off,  and  aAer  the  first  stroke  by  which 
the  air  above  the  piston  is  removed,  the  pump  can  be  worked  with  great  ease  and  rapidity. 
Within  the  receiver  on  the  pump-plate,  is  represented  a  section  of  an  improved  metnod  of 
exposing  water  to  sulphuric  acid  (195).  Tne  glass  dish  has  an  opening  in  its  centre,  on 
the  elevated  edge  of  which  the  small  dish  containing  the  water  is  securely  supported. 
Fig.  6  and  8  represents  the  arrangement  for  covering  the  water  with  a  brass  plate,  (see  note 
page  60,)  while  the  exhaustion  is  making.  The  plate  is  then  raised  by  means  or  the  rod 
which  passes  through  an  air-tight  cap,  and  the  water  freezes. 


X  Description  of  Frmtispiece. 

Tho  piston  is  constructed  of  two  plates  of  bra«  and  one  piece  of  leather ;  the  lower 

filatc  being  of  the  same  diameter  ae  the  barrel,  the  upper  plate  is  small  enough  to  admit  tho 
cather  turning  up  between  it  and  the  barrel ;  the  whole  piston  is  only  one  half 
or  five  eighths  of  an  inch  thick.  Fig.  6  is  an  enlarged  section  of  the  barrel  and  piston 
of  tho  pump. 

Fig.  7,  represents  De  Luc's  electrical  columns,  consisting  of  many  hundred  discs  of  sil- 
ver-leaf and  thin  discs  of  zinc,  alternating  with  writing  paper,  or  silvered  paper  and  zinc, 
or  silvered  paper  and  oxide  of  manganese,  so  arranged  within  the  vertical  and  parallel  glass 
tubes,  that  the  dissimilar  metals  are  in  contact,  and  each  pair  thus  formed,  is  separated  by 
the  paper.  The  tubes  are  terminated  by  small  bells  in  metallic  connexion  with  the  upper 
discs.  The  series  commences  with  silver  in  one  tube  and  is  terminated  by  zinc,  or  the 
other  metal  employed,  while,  in  the  other  tube,  the  order  of  the  discs  is  reversed.  A  deli- 
cate metallic  clapper  suspended  between  the  columns,  on  a  glass  support,  will  be  attracted 
and  repelled.     8ce  pnge  92. 

Fig.  1),  is  a  representation  of  Clarke's  electro-magnetic  machine.  A,  horse-shoe  magnets 
confined  to  the  upright  support  by  a  clamp  and  screw.  B  is  the  armature,  with 
coils  of  silked  copper  wire,  which  revolves  in  front  of  the  poles  of  the  magnets,  mo- 
tion being  communicated  by  the  wheel  C,  which  is  turned  by  the  hand.  D  H,  brake-pie- 
ces. The  terminations  of  the  coils  are  soldered  to  a  brass  cylinder,  being  insulated 
by  a  piece  of  hard  wood  attached  to  the  brass  stem.  O  O,  iron  wire  springs  pressing 
against  the  cylinder  F,  at  one  end.  Q,  (i,  a  metal  spring  that  rubs  upon  the  brake-nieoe 
H.  T,  a  bent  copper  wire  connecting  brass  straps,  on  the  block  L.  Thus  E,  H,  Q,, 
P,  N,  are  in  connexion  with  the  commencements  of  each  coi1,iind  F,  O,  M,  with  the  ter- 
minations. 

Fig.  10  shows  the  arrangement  for  decomposing  water  by  means  of  the  above.  Water  is 
placed  in  a  glass  tube  B,  in  a  glass  vessel  A,  throueh  the  bottom  of  which  tho  platinum 
wires  pass.  To  the  glass  vessel  a  brass  cup  is  attached,  from  which  proceed  stout  wires 
passing  into  holes  in  the  brass  straps  on  M  and  N.  Tho  wire  Q,  rubs  on  the  brcak-pioro 
H.  When  the  armature  is  made  to  revolve  the  decomposition  of  the  water  takes  place. 
For  a  jnore  particular  description  see  Clarke's  account  of  the  instrument,  &c.  in  jimer. 
Jour.  vol.  XXX.  100. 

Fig.  11  represents  a  new  self-registering  thermometer,  which  was  exhibited  at  the  last 
meeting  of  the  British  Association.  A  is  a  glass  tube  filled  with  pure  spirit  of  wine.  B  is 
a  continuation  of  the  same,  but  much  smaller,  which  is  to  be  about  half  full  of  quicksilver 
to  support  the  spirit  in  tho  long  tube.  Upon  the  quicksilver  at  G,  is  a  float  supporting 
the  wire  C,  which  wire  has  a  knee  or  bend  in  it,  with  a  small  eye,  which  runs  upon  the 
fixed  wire  D,  carrying  an  index  or  pointer ;  £  is  tho  scale  which  must  be  made  experi- 
mentally. If  any  change  takes  place  in  the  bulk  of  the  spirit,  the  quicksilver  is  also  af- 
fected, and  with  the  silver  the  ivory  float  G, carrying  the  index  or  pointer,  which  shows  at 
once  the  degree  of  temperature  upon  the  scale ;  this  is  the  simple  action  of  the  thermomo- 
Icr-  To  make  it  register,  the  two  light  indexes  or  pointers  F,  move  upon  tho  wire  D,  their 
own  friction  keeping  them  wherever  they  are  placed.  To  set  it,  the  pointer  F,  below  the 
thermometer's  index,  must  be  pushed  close  up  to  it,  and  the  pointer  F,  above^  pushed  down 
it ;  and  it  is  evident  that  if  any  change  of  temperature  takes  place,  the  thermometer's  in- 
dex wilt  move  the  registering  index  either  above  or  below,  and  leave  it  there,  thereby 
showing  the  extreme  rise  and  fall  of  the  thermometer  in  any  given  time.  The  action 
of  the  air  upon  tho  quicksilver  is  also  provided  against.    Eighth  Rep,  Brit.  Assoc.  1839. 


Plate  L     Apparatus  for  the  Solidijieation  of  Carbonic  Add. 

Fi^.  1.  A.    A  cylinder  of  wrouffbt  iron,  23  inches  in  length,  4  in  diameter,  tennintited  by 
CMt  iron  hemispheres;  supported  by  two  gudseons  on  an  iron  frame,  upon  which  it  rerolfes. 
a.  A  copper  tube  closed  at  bottom,  for  holding  acid. 

D.  The  same    j.  brass  book  for  remofing  the  acid  holder. 

pS*  2.   B.  Cylinder  of  wrought  iron  to  reoeive  the  gas.    Of  the  same  size  as  A. 
A.  A  small  tube  passing  down  to  within  a  short  distance  from  the  bottom,  up  which  the  lique- 
fied gas  is  forced  by  the  pressure  of  the  ^s  aboTe. 

E.  A  brass  lioz,  4  inches  in  diameter  4  m  depth,  to  receive  the  solidified  gas. 

,  •.  The  same  without  the  corer,  shewing  the  interior ;  the  horizontal  pipe,  (the  mouth  of  which 
>'  >{*<»  >een  in  E,  under  the  upper  clamp  by  which  and  the  one  below,  the  cover  is  confined  when 
\?\  *?  "•**»^  ^^  "P***  *  *^^  i^^  3.  The  centre  of  each  part  of  the  box  is  pierced  with  several 
■mall  holes  cpounnnieaiing  with  the  wooden  handles,  which  are  hidlow  and  open  to  allow  of  the 
eseai  e  o(  the  expanding  gas.  In  front  of  the  inner  month  of  the  horizontal  pipe  is  a  short  curved 
■lip  01  sheet  brass  for  the  porpoee  of  preventing  the  soUdiBed  gas  being  too  rapidly  driven  ont 
of  (he  hiuidles. 

y.  A  copper  pipe  16  inches  in  length  and  i  inch  in  diameter,  terminated  by  connecting  pieces, 
by  raeaneoi  which  the  two  iron  cylinders  can  be  connected,  for  the  transfer  of  the  gas. 

f,  A  hold -fast  of  iron  with  a  small  projection  that  fiu  into  the  hole  W  in  fig.  1.,  By  this  the 
cylinder  can  be  secnrcd  from  turning  when  the  plug  or  valve  is  opened. 

h,  A  wrench  for  turning  the  plug. 

i.  Small  brass  wrench  for  turning  the  steel  screw  of  the  valve-plugs  in  the  upper  parts  of  the 
cylinders  A.  B.  r    e  ri-   *~ 

m,  A  vessel  of  zinc,  holding  the  quantity  of  water  required  for  each  charge. 

n.  A  funnel  of  zinc  for  iatrmluGing  the  carbonate  of  soda  into  the  cylinder  A. 

Fig.  3>  Section  of  one  of  the  conneciing  screws  and  pipe ;  the  small  projecting  part  on  the 
flange  of  the  pipe  fits  into  the  outlet  of  the  screws  of  the  valve  plugs  1  ana  2. 

The  cylinder  A  may  be  called  the  Qeiuraior^  B  the  Receiver,  The  materials  employed  for 
each  charge  of  the  Generator,  are,  Bicarbonate  of  Soda  in  powder  2|  lbs. ;  Water  at  100°  6| 
lbs.:  Sulphuric  acid  1  lb.  7j|oz. 

The  valve  plugs  are  of  bresa  and  alike,  but  a  section  of  one  only  is  Tepresented  (in  Fig.  1 .  A.) 
witli  a  double  cone  of  steel,  which  is  accuratelr  ground  to  its  seat ;  the  stem  is  cut  into  a  fine 
screw  and  passes  through  the  upper  part  of  toe  valvc'plug,  it  is  screwed  up  or  down  by  means 
of  the  wrench  i  having  a  square  bole  into  which  the  square  end  of  the  stem  fits.  It  will  be 
seen  that  when  the  cone  is  screwed  up  there  is  an  outlet  for  any  eas  from  the  cylinder  through 
the  horizontal  branch  of  the  valve-plog,  and  when  it  is  screwed  down  the  passage  is  closed. 
The  opening  under  the  cone,  through  the  lower  part  of  the  valve-plug,  is  one  tenth  of  an  inch 
diameter.  When  the  cone  is  screwed  up  no  gas  can  eseape  above  it,  as  the  upper  part  is  also  well 
ground  to  a  conical  cavity. 

7b  ehargt  the  generator.  Unscrew  the  valve  ping  and  remove  it  from  the  end  of  the  cylinder ; 
through  the  funnel  n  pour  in  the  soda  salt:  add  the  warm  water,  remove  the  funnel,  and  with  a 
stick  stir  the  salt  and  water,  breaking  down  any  lumps.  Pour  the  sulphuric  acid  into  the  copper 
acid  holder  D,  and  with  the  bonk  jf  introduce  it  into  tne  generator.  Rcnnove  the  hook  and  having 
carefoUy  cleaned  all  the  screws  with  a  tooth  brush  (not  with  a  cloth)  and  oiled  them,  screw  in 
the  valve  plug  making  it  secure  by  the  aid  of  the  wrench  and  holdfast  Screw  down  the  steel 
valve  firmly.  Turn  tne  generator  and  cause  it  to  revolve  several  times,  that  the  acid  may  be 
thrown  upon  the  soda ;  repeat  this  and  occasionally  idlow  the  cylinder  to  remain  with  the  valve 
downward.  Let  the  generator  remain  6  or  10  minutes  in  the  position  represented  in  the  plate, 
until  the  gas  has  diseng^aged  itself  and  collected  in  the  upper  part  of  the  ^linder.  Having  pre- 
viously cooled  the  receiver  in  iced  water  (in  which  it  should  oe  immersed  up  to  the  valve)  con> 
nect  it  with  one  end  of  the  pipe/  securing  the  screw  with  a  wrench.  Connect  the  other  end  of 
the  pipe  with  the  valve  plug  of  Fig.  2.  B  also  very  firmly.  Open  the  steel  valve  of  the  receiver 
bjr  screwing  it  up  entirely-*theo,  slowly,  and  partially^  open  that  of  the  generator.  The  gas 
will  pass  over  and  in  about  two  minutes  the  pressure  will  be  equalized,  no  more  gas  then  pass- 
ing ;  close  the  steel  valve  of  the  receiver  ana  then  that  of  the  generator.  Disconnect  the  gen- 
erator, open  the  valve  to  allow  the  remaining  gas  to  escape,  having  a  vessel  ready  to  receive  the 
liqaid  wolch  soon  follows.  When  no  more  liquid  passes  out.  remove  the  valve- plug,  plaoe  it  in 
a  iMuia  of  clear  water;  and  having  lilted  out  the  acid  holder,  pour  out  the  sulphate  of  soda 
and  wash  out  the  inside  of  the  generator  with  water.    Repeat  the  charges  in  the  same  manner 


xiv  Explanation  of  Plates, 

as  long  as  any  gas  is  heard  to  pass  from  the  generator  to  the  receirer.  Nine  charges  I  have 
usually  founcf  sufficient,  which|  if  wdll  managed,  will  completely  fill  the  box  E  with  solid  gas 
several  times. 

To  obtain  the  solid.  Having  previously  cooled  the  box  in  ice,  wipe  it  dry  and  secure  the  top 
on  with  the  clamps.  Screw  the  coupling  and  short  jet  (3)  upon  the  valve  plug  (as  represented  1) 
of  the  Receiver.  Place  the  receiver  between  the  knees,  and  the  box  upon  the  jet.  Open  the 
steel  valve,  slowly,  until  a  white  vapour  issues  from  the  handles  of  the  box ;  gradually  enlarge 
the  opening,  and  when  the  brass  box  has  become  thickly  covered  with  the  condensed  and  frozen 
vapour  of  tne  apartment,  the  farther  escape  of  the  gns  may  be  stopped  by  closing  the  valve.  On 
removing  the  box  and  opening  it,  the  white  solid  acid  will  be  found  withm. 

The  greatest  care  is  necessary  to  avoid  introducing  any  dirt,  fibres  of  wood,  cloth,  &c.  into 
the  vessels,  as  they  are  liable  to  be  forced  under  the  valves  and  into  the  small  tubes  and  thus 
defeat  the  process. 


Plate  II. 

Figs.  1  and  2  represent  a  method  of  washing  precipitates  :  which  will  bo  often  found  use- 
ful. By  this  arrangement  a  column  of  cure  water  can  be  made  continually  to  pass  through  a 
powder  or  precipitate.  A  flask,  or  bottle  a,  fig.  2,  is  filled  with  water  anU  is  closed  by  a  cork, 
having  a  glass  lube  of  the  shape,  fig.  1,  passed  through  it.  This  tube  may  be  about  four  inches 
in  length  and  half  an  inch  in  diameter.  When  the  flask  or  bottle  is  inverted  as  in  fig.  2  a,  the 
water  will  run  out  only  till  the  air  within  it  is  expanded  to  a  certain  degree,  the  capillarity 
of  the  tube  a  fig.  1,  not  allowing  the  escape  of  any  water  into  the  air.  But  if  the  tube  a  is 
plun^^cd  into  a  lit|[uid,  the  water  from  the  flask  or  bottle  will  flow  into  the  liquid.  As  the  air  ex- 
pands the  water  IS  forced  down  the  tube  d  and  a  bubble  of  air  passes  from  d  through  6  and  as- 
cends into  the  bottle.  A  correponding  quantity  of  water  is  forced  down,  and  every  successive 
bubble  of  air  has  the  same  efiect.  This  water  flows  out  at  the  point  a,  and  if  that  point  is  dip- 
ped into  a  liquid  contained  in  a  funnel,  the  level  of  the  water  in  the  latter  is  kept  at  the  same 
point,  as  for  example  at  the  line  Ci'^g.  1  •  Fig.  2  exhibits  the  arrangement,  with  a  vessel  below  to 
receive  the  filtered  liquid. 

Fig.  3,  4,  5.  Gahn's  cylinder  holder  for  flasks,  cylinders,  jars,  &c.  5  represents  the  principal 
portion  of  this  apparatus  (seen  from  above).  Fig.  4,  exhibits  the  same  in  profile.  The  instru- 
ment is  made  of  wood.  A  slit  |th  of  an  inch  deep  is  made  in  the  block  at  a  6,  and  in  this  slit  a 
strong  baud  or  ribbon  of  the  same  width,  is  placed,  the  end  of  it  being  secured  by  a  thick  ed;?c 
or  seam  down  the  side  b.  The  end  of  this  band  is  then  carried  round  from  a,  in  the  direction 
A  A  G  i  E  and  through  the  slit  ./*^,  (fig.  4.)  into  the  conical  hole  C,  where  it  is  fastened  in 
another  slit  k  t,  cut  in  the  conical  peg  D.  The  band  is  wound  up  round  the  conical  peg  and  fixed, 
when  necessary,  by  pressing  the  peg  into  the  conical  hole.  The  band  can  be  loosened  by  slack- 
ening the  conical  peg.  If  a  glass  cylinder  as  G  (fig.  5)  is  placed  in  the  triangular  opening  hiit 
can  be  held  fast  or  let  loose  at  pleasure.  The  other  part  of  this  apparatus  consists  of  a  frame 
(fig.  3)  I  H  M,  which  can  be  screwed  to  the  side  of  a  pneumatic  trough  by  the  screw  at  M.  The 
upright  rod  D  is  cylindrical,  the  arm  I  square  and  adapted  to  the  square  hole  F  in  fig.  4.  The 
screws  N  and  K  permit  any  required  aajustment. 

Fig.  6  represents  a  convenient  apparatus  for  condensing  vapours,  a  6,  A  tube  of  tin  2  inches 
wide  17  inches  long,  c,  A  leaden  pipe  passing  along  inside  to  within  an  inch  of  each  extremity  of 
the  tin  tube,  it  is  open  at  the  lower  end,  but  passes  through  the  wide  tube  near  the  top  termi- 
nating in  a  funnel,  e,  A  pipe  entering  the  upper  side  of  the  larger  tube,  close  to  where  toe  other 
pipe  passes  out,  and  hanging  down  an  inch  or  two  below  the  wide  tube.  This  short  tube  is  open 
at  both  ends.  A  glass  tube,  25  inches  in  length,  is  placed  into  the  tin  tube  through  corks  at  a 
and  b  which  fit  the  latter  and  prevent  the  passage  of  water.  The  glass  tube  should  oe  somewhat 
tapering,  about  an  inch  wide  at  the  upper  end  and  rather  less  than  half  an  inch  at  the  lower  end. 
Tne  upper  end  should  be  bordered  or  have  a  rim,  so  as  to  permit  the  insertion  of  a  cork.  Water 
poured  into  the  funnel  d  can  only  escape  after  traversing  the  tube  ate  and  thus  the  glass  tube  can 
be  kept  surrounded  by  cold  water. 

Fig.  7.  Cooper's  mercurial  receiver,  d  rf,  The  receiver  to  be  filled  with  mercury ;  a  basin  is 
placed  below  the  mouth  to  receive  what  may  be  displaced  by  the  gas  as  it  passes  in  from  the 
flask  a. 

Fig.  8  represents  Seffstroem's  support,  made  entirely  of  wood.  The  pieces  can  be  adjusted  by 
means  of  the  screws,  to  grasp  a  vessel  or  tube  and  support  it  at  any  desired  height  or  angle. 

Fi^.  9.  Hare's  (wparatits  hr  exploding  hydroff'en  and  chlorine.  A  flask  is  half  filled  with 
chlorine  and  transferred  to  the  pan  P  with  ilsorince  over  that  of  a  pipe  communicating  with  the 
cock  C  and  flexible  pipe  extending  to  a  self-regulating  reservoir  (Fig.  120,  page  123)  of  hydro- 
gen. The  flask  is  surrounded  with  a  cylinder  of  wire  gauze.  Just  before  the  explosion  is  de- 
sired hydrogen  is  admitted  to  displace  the  water  left  in  the  flask.  The  pan  should  contain  water 
sufficient  to  cover  the  mouth  of  tne  flask.  A  mirror  is  used  to  reflect  the  solar  rays  upon  the 
flask.    See  Amer.  Jour.  xxix.  243. 
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ERRATA. 
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Page   10.  LiM  17,  for  "  iyitem  '*  read  Byatenis. 

*'  10.  Line  90,  for  **  aquare  priamatie  '*  read  double  oblique  priimatic . 

«  50.  After  "  176,"  inaert  7. 

«•  50.  Before  "A  eurioua  "  inaert  8. 

**  64.  Foot  note,  for  **  Harea'a  "  nmi  Haaa'a. 

«•  65.  Third  line  for «« no  *' read  410. 

'*  79.  5tb  line,  for  slanxgw  read  rjlentsov* 

«>  95.  4th  line, for"  smaller  "ftmOar. 

"  107.  Top  of  j>age  for  *'  Gaaometera  "  read  QradmatBd  vetseU, 

•<  115.  Line  28,  for  **  aubatract "  read  aubtract. 

«•  115.  Line  39,  ditto. 

«  120.  Foot  note,  the  reforence  should  be  to  Frontiapieee. 

•>  195.  For  **  Doebereiner  **  read  Dobereiner. 

"  161 .  In  margin,  for  *'  aodldum  "  read  aodium. 

*<  166.  6th  line,  for  ^  aulphurioua  "  read  aulphuroua. 

«  184.  I2th  line,  for  <«aodium  "  read  aalta. 

«  209.  Paragraph  733  for  **  ammonical  "  read  ammoniaeal. 

•*  213.  In  the  Formula  for  defiant  gaa,  add  2  after  the  aecondH. 

"  219.  Laat  line,  for  '*  mercury  "  r«Md  Hydrocyanic  acid. 

<'  357.  5th  line  for  Fe  read  Fe. 

<*  973.  In  manrin,  dele  "  Poiaonoua  effecta." 

^  388.  Line  39,  for  **  whortleberry  "  read  bear-berry. 

••  468.  Line  29«  for  «  beozoly"  read  benzoyl. 


MANUAL  OF  CHEMISTRY. 


CHAPTER  I. 

OF  THE  POWERS  AND  PROPERTIES  OF   MATTER  AND   OF  THE 
GENERAL  LAWS  OF  CHEMICAL  CHANGES. 

1.  It  is  the  object  of  Chemistry  to  investigate  all  changes  in  the  object  of 
constitution  of  matter,  whether  e^cted  by  heat,  mixture  or  other  c'leinistiy. 
means.*  ^ 

,  Most  of  the  substances  belonging  to  our  globe  are  constantly  un- 
dergoing alterations  in  sensible  qualities,  and  one  variety  of  matter 
becomes  as  it  were  transmuted  into  another.  Such  changes, 
whether  natural  or  artificial,  whether  slowly  or  rapidly  performed, 
are  called  chemical.t  The  ends  of  this  branch  of  knowledge  are  the 
application  of  natural  substances  to  new  uses,  for  increasing  the 
comforts  and  enjoyments  of  man,  and  the  demonstration  of  the  order, 
harmony,  and  intelligent  design  of  the  system  of  the  earth. 

2.  The  foundations  of  chemical  philosophy  are  observation,  expe-  fp^QJii. 
riment,  and  analogy.  By  observation,  facts  are  distinctly  andtions. 
minutely  impressed  on  the  mind.  By  analogy,  similar  facts  are 
connected.  By  experiment,  new  facts  are  discovered ;  and  in  the 
progression  of  knowledge,  observation,  guided  by  analogy,  leads  to 
experiment,  and  analogy,  confirmed  by  experiment,  becomes  scientific 
truth.     D.  1,2. 

*  The  word  OtemUtry  seems  to  be  of  B^pttan  origin,  and  to  have  been  originally  q,^^^  ^  ^^^ 
e<]niTalent  to  our  phrase  nafural  philotcphif  in  its  most  extensiTe  sense.    In  process  of  t«rai. 
time  it  seems  to  have  acquired  a  more  limited  signification,  and  to  have  been  confined 
to  the  art  of  working  mekds.    In  the  third  century,  we  find  it  used  in  a  much  more  ^ 

limited  sense,  signifying  the  art  of  making  gold  and  nher.  Those  who  professed 
this  art  gradnally  assumed  the  form  of  a  sect,  under  the  name  of  Alchemists ;  a  term 
which  is  supposed  to  be  merely  the  word  chemitt,  with  the  Arabian  article  oi  prefixed. 
The  mat  ooject  of  the  alchemists  was  to  find  out  the  means  of  converting  the  baser 
metals  to  gold,  and  the  grand  instrument  by  which  this  was  to  be  effected  was  the 
philosopher's  stone.    T.  i.  19. 

t  Chemistry  is  the  science  which  treats  of  those  events  and  changes  in  natural  bo-  DtSmtioM. 
dies,  which  are  not  accompanied  by  sensible  motions.    T*  L  18.  . 

It  is  the  object  of  Chemistrv  to  discover  and  explain  the  changes  of  composition  that 
occur  among  the  integrant  and  constituent  parts  of  different  bodies,    H.  i.  12. 


meat. 


'  Attraction — ParticUs  of  bodies. 

^*^P-  ^'       3.  In  the  present  state  of  our  knowledge,  it  will  be  moat  conve- 

Arrange-     nient  to  begin  the  study  of  chemistry  with  the  discussions  relating  to 

'  the  general  powers  or  properties  of  matter,  and  afterwards  to  proceed 

to  the  examination  of  individual  substances,  and  to  the  phenomena 

which  they  offer  when  presented  to  each  other  under  circumstances 

favorable  to  the  exertion  of  their  mutual  chemical  agencies. 

The  powers  and  properties  of  matter,  connected  with  chemical 
changes,  may  be  considered  under  the  heads  of  1,  Attraction ;  2, 
Heat ;  3,  Electricity ;  4,  Light. 


Section  I.     Attraction. 

Auraction       ^*  -^^^  bodies  composing  the  material  system  of  the  universe  have 

at  sensible  a  mutual  tendency  to  approach  each  other.     The  operation  of  this 

disunces.    f^^^^  extends  to  the  remotest  parts  of  the  planetary  system.     The 

smaller  bodies,  that  are  under  our  more'  immediate  observation,  are 

influenced  by  the  same  power,  and  fall  to  the  earth's  surface,  when 

not  prevented  by  the  interference  of  other  forces.     From  these  facts 

the  existence  of  a  property  has  been  inferred,  which  has  been  called 

attraction,  or  more  specifically,  the  attraction  of  gravitation.     Its 

nature  is  entirely  unknown  to  us.     The  attraction  between  these 

bodies  takes  place  at  sensible  distances  ;  it  exists  in  all  known  forms 

of  matter  ;  and  it  acts  upon  them  directly  as  the  mass,  and  inversely 

as  the  square  of  the  distance. 

Weight.  5.  The  force  required  to  separate  a  body  from  the  surface  of  the 

earth,  or  prevent  it  from  descending  towards  it,  is  called  its  weight. 
Particles  of     6.  Of  the  nature  of  the  particles  of  which  bodies  are  composed, 
bodies.       ^Q  ]^^y^  QQ  satisfactory  evidence.     In  simple  bodies  they  must  be  all 
of  the  same  nature,  or  homogeneous.     In  compound  bodies,  we  un- 
derstand by  the  term  particles,  the  smallest  parts  into  which  bodies 
Atoms.       can  be  resolved  without  decomposition.     The  word  atom^  denotes 
both  these  kinds  of  particles.     When  two  atoms  of  different  kinds 
unite  to  form  a  third  or  compound  atom,  we  may  term  the  two  first 
compoTtent  atoms ;  and  if  these  have  not  been  decomposed,  they  may 
be  called  elementary  or  primary  atoms,  h.  i,  28. 
^tt°^*S'°*"      7.  The  attraction  exerted  between  these  minute  particles,  or  atoms, 
when  thev  are  placed  in  apparent  contact,  and  which  is  efiectiveonly 
at  insensible  distances,  has  been  called  coTitiguous  attraction,  and  has 
been  distinguished  as  it  is  exerted  between  particles  of  matter  of  the 
same  kind,  or  between  particles  of  a  different  kind.     When  the  par- 
Cohesion,    tides  of  the  same  kind  are  united  to  form  an  aggregate  or  mass,  they 
are  sometimes  said  to  be  united  by  the  affinity  of  aggregation,  the 
cohesive  affinity,  or  cohesion. 
Effects  or        8.  This  attraction  preserves  the  form,  and  modifies  the  texture  of 
at^insensi-   ^^^^^^i  gives  a  spherical  figure  to  fluids,  causes  the  adhesion  of  sur- 
ble  distan-  faces,  and  influences  the  mechanical  characters  of  bodies.     Its  force 
^'*  is  exerted  with  the  greatest  intensity  in  solids  ;t  in  liquids  it  acts  with 

much  less  energy ;  and  in  aeriform  bodies  it  is  doubtful  if  it  exists  at 

♦rroin  a  prirative,  and  rsfAVBiv  to  cut. 

t  The  force  of  cohesion  in  solids  is  measured  by  the  weight  necessary  to  break  them, 
or  rather  to  pull  them  asnnder. 


Chtmieal  *SUractum — Solution.  ^ 

all.     Of  ihis,  water  ofibrB  a  good  example  in  its  different  states  of    Sect,  i. 
ice,  water,  and  steam. 

9.  To  cohesion  is  owing  the  spherical  form  which  liquids  assume,  its  effects 
when  suffered  to  form  drops ;  as  also  their  property  of  remaining  »nhquids. 
heaped  above  the  brims' of  the  vessels  that  contain  them.     The  force 

of  cohesion  varies  in  different  liquids  and  hence  the  size  of  their 
drops  must  vary. 

10.  When  attraction  operates  upon  dissimilar  particles,  and  pro-  Heteroge- 
duces  their  union,  it  gives  rise  to  new  and  infinitely  varied  P'o^^c- °5^"*.'^[ 
tions.     It  is  this  kind  of  attraction  which  is  distinguished  as  hetero'  attraction. 
geneaus  ;  it  is  also  called  chemical  attraction^  or  canity. 

11.  The  results  of  attraction,  as  relating  to  the  texture  and  forms  Restilts. 
of  matter,  are  influenced  by  the  circumstances  under  which  it  has 
taken  place.  Sometimes  the  particles  are,  as  it  were  indiscriminately 
collected ;  and  at  others  they  are  beautifully  arranged,  giving  rise 

to  regular  and  determinate  figures. 

12.  The  regular  polyhedral  solids  thus  resulting  from  the  influence  Crystals, 
of  attraction  upon  certain  kinds  of  matter,  are  usually  called  crystals;* 

and  the  bodies  are  said  to  be  susceptible  of  crystallization, 

13.  To  enable  the  particles  of  bodies  to  assume  that  regular  form  ConditioDs 
which  crystals  exhibit,  they  must  have  freedom  of  motion ;  and  ac-  [fJaiiorSi 
cordingly  the  first  step  towards  obtaining  a  body  in  its  crystalline  general, 
form,  is  usually  to  confer  upon  it  either  the  liquid  or  aeriform  state. 

This  is  effected  by  solution,  or  by  exposure  to  heat. 

14.  The  term  solutimiy  is  applied  to  a  very  extensive  class  of  phe-  Solution, 
nomena.     When  a  solid  disappears  in  a  liquid,  we  have  an  example 

of  solution.  The  expression  is  applied  both  to  the  act  of  co:nbina- 
tion,  and  to  the  result  of  the  process.  Solution  is  always  the  result 
of  an  attraction  or  affinity,  between  the  fluid  and  the  solid  which  is 
acted  upon,  feeble  it  is  true,  yet  sufficient  in  force  to  overcome  the 
cohesion  of  the  solid.  The  affinity  continues  to  act  until  at  length  a 
certain  point  is  attained,  where  the  affinity  of  the  solid  and  fluid  for 
each  other  is  overbalanced  by  the  cohesion  of  the  solid,  and  the  solu- 
tion cannot  be  carried  farther.  This  point  is  called  saturation^  and  Saturation, 
the  fluid  obtained  is  termed  a  saturated  solution, 

15.  The  particles  of  the  solid  may  be  regarded  as  disposed  at  regular  How  the 
distances  throughout  the  fluid;  and  if  the  quantity  of  solvent  be  con- particles 
siderable,  the  particles  will  be  too  far  asunder  to  exert  reciprocal  ^J^^' 
attraction  ;  in  other  words,  they  will  be  more  powerfully  attracted 

by  the  solvent  than  by  each  other.  If  we  now  slowly  get  rid  of  a 
portion  of  the  solvent,  the  solid  particles  will  gradually  approach 
each  other,  and  they  will  aggregate  according  to  certain  laws,  pro- 
ducing a  regular  form. 

16.  There  are  two  other  great  and  general  objects  to  be  gained  by  P'J*'®^- 
solution,  which  render  it  a  process  of  constant  occurrence  in  the  la-Joimjon. 
boratory.  The  first  is  that  of  preparing  substances  for  the  exertion  of 
chemical  action.     The  second  is  that  of  separating  one  substance 

from  another ;  this  being  continually  effected  by  the  use  of  such 
fluids  as  have  a  solvent  power  over  one  or  more  of  the  substances 


♦  From  KQijoiaXlog^  Ice. 


4  JlttracHon — Crystallization. 

Chap.  I.    present.     Water  is  the  great  solvent  whose  aid  is  first  to  be  called 
in  ;  others  are  to  be  resorted  to  only  when  that  is  insufficient.     So 
general  and  important  is  its  use,  that  in  speaking  simply  of  the  solu- 
bility of  a  body,  water  is  always  understood  to  be  referred  to.* 
Erapon-        17.  To  recover  a  salt  from  its  solution,  if  its  solubility  does  not  vary 
tioD.  with  the  temperature  of  the  solvent,  as  in  the  instance  of  common 

salt,  it  is  necessary  to  expel  a  portion  of  the  fluid  by  heat.  This 
The  figure  constitutes  the  process  of  evaporation^  The  regularity  of  the  figure 
influenced  (12)  obtained  will  be  influenced  by  the  rapidity  of  the  evaporation ; 
o?  eraM>ra-  '^  *^®  process  be  slowly  conducted,  the  particles  unite  with  great  re- 
tion.  gularity ;  if  hurried,  the  crystals  are  irregular  and  confused.     In 

common  cases  the  evaporation  may  be  continued  till  a  pellicle  forms 
Time  for     Upon  the  surface  of  the  solution.     The  formation  of  a  superficial 
stopping     pellicle  is  the  common  criterion  of  the  fitness  of  a  solution  for  crys- 
TaporaUon.  ^^^^'zation  ;  but  where  the  object  is  to  obtain  very  regular  and  very 
'  large  crystals,  the  evaporation  roust  be  much  slower,  and  carried  to 
much  less  extent ;    even  spontaneous  evaporation,  or  that  which 
takes  place  at  common  temperatures,  must  be  resorted  to. 
Crjetali         ^®*  There  are  certain  bodies  which  may  be  dissolved  or  liquefied 
formed  by   by  heat,  and  during  slow  cooling,  may  be  made  to  crystallize.     This 
fusion.        is  the  case  with  many  of  the  metals,  with  spermaceti,  sulphur,  &c. 
Some  other  substances,  when  heated,  readily  assume  the  state  of 
vapour  or  are  sublimed,  and  during  condensation,  present  regular 
crystalline  forms  ;  such  as  iodine,  benzoic  acid,  camphor,  &c. :  and 
crystals  of  snow  are  produced  by  the  condensation  and  cooling  of 
aqueous  vapour. 
Crystalli-'       1^*  Some  substances  are  so  easily  decomposed  by  heat,  and  at 
zaUoQ  of     the  same  time  retain  water  with  such  avidity,  that  it  is  impossible  to 
wluMecom-  crystallize  them  by  any  of  the  above  processes ;  in  these  cases  cry.s- 

TOsition  is  tallization  may  sometimes  be  eflccted  by  placing  the  solution  under 
feeble.  ^ 

BeiaUihr  hew     *  '^^^  ■olubiUty  of  a  body  mav  be  tried  by  suspending  a  piece  of  it  in  a  glass  of  clean 
UMd.  undisturbed  water ;  if  it  tie  soluble  a  descending  current  will  be  seen  to  fall  from  it, 

and  be  visible  upon  looking  through  the  water  horizontally.  If  it  fall  rapidly  and  in 
dense  stris,  it  will  indicate  rapid  solubility,  and  the  formation  of  a  dense  solution ;  if 
it  fall  in  a  very  narrow  stream,  it  will  indicate  only  moderate  or  slight  solubility ;  and 
by  its  descending  rapidlv  or  in  a  slow  broad  stream^  or  by  resting  about  the  substance, 
a  judgment  may  be  made  of  the  comparatiTe  density  of  the  solution  produced.  If  no 
descending  current  appear,  nor  any  fluid  round  the  substance  of  a  retractive  power  or 
coloar  different  to  that  of  tbe  water,  then  the  body  must  be  very  nearly  if  not  quite  inso- 
luble at  common  temperatures. 

If  the  substance  appear  to  be  insoluble,  or  if  it  be  necessary  to  know  whether  it  bo 

soluble  in  alcohol,  ether,  oils,  or  any  other  Itody,  for  the  purpose  of  selecting  a  solvent 

from  among  them,  a  portion  should  be  pulveriaed  finely,  and  introduced  into  a  small 

tube  with  a  little  of  the  fluid  to  be  tried,  and  heated ;  ir  the  substance  disappear,  it  is 

of  course  soluble.    But  if  it  he  8uppose<l  to  be  a  mixed  body,  and  partly  soluble, 

though  not  altogether  so,  then  the  presumed  solution  should  he  poured  from  tbe  tube 

into  an  earthenware  or  platinum  capsule,  and  evaporated  carefully  and  slowly;  if  any 

substance  remain,  it  of  course  indicates  a  degree  of  solubility.    F-  168. 

A  solution  saturated  when  cold,  may  be  often  obtained  much  more  speedily  by  the 

uiSSSi^c^  aid  of  heat,  as  by  boiling  the  substance  with  water,  leaving  it  to  eool,  and  afterwards 

wturaudMiu.  filtering  it,  when  a  saturated  solution  will  be  at  once  obtained.    If  the  solution  while 

lion.  cooling  deposits  any  portion  of  the  solid,  it  proves  the  saturation,  if  it  does  not,  there 

is  reason  to  doubt  it.  and  heat  with  more  of  the  solid  substance  in  powder  should 

again  be  applied.    Tne  solution  may  also  be  tested  while  hot  by  dipping  into  it  a  glass 

rod,  and  thus  transferring  a  drop  to  a  cold  glass  plate ;  if  crystals  or  solid  substance 

appMr  in  a  few  OMments,  the  solution  will  l^  saturated  when  cold.    Sometimes  this 

effect  will  not  take  place  until  the  drop  is  stirre«i.    F. 

t  Performed  in  shallow  vessels  exposing  a  large  surface  of  tbe  liquid. 


Basic  and  CansHiutwnal  Water,  o 

the  receiver  of  an  air-pump,  over  the  surface  of  sulphuric  acid,  and     Sect,  i. 
exhausting  the  air ;  the  acid,  hy  ahsorhing  the  vapour  as  it  rises, 
causes  rapid  evaporation. 

20.  In  the  act  of  separating  from  the  water  in  which  they  were  Wactr  of 
dissolved,  the  crystals  of  almost  all  salts  carry  with  them  a  quantity  ^^•■*'***" 
of  water.     It  is  termed  their  water  of  crystallization,  the  quantity  of 

which  is  very  variable  in  different  saline  bodies,  but  it  is  uniform  in 
the  same  salt. 

21.  The  hardness,  brilliancy,  and  transparency  of  crystals,  often 
depend  upon  their  containing  this  water,  which  sometimes  exists  in 
them  in  large  quantities.  Thus,  sulphate  of  soda,  in  the  state  of 
crystals,  contains  more  than  half  its  weight.  Gypsum,  in  its  crys- 
tallized form,  contains  about  20  per  cent,  of  water,  which  it  loses  at  a 
red  heat,  and  the  crystals  crumble  down  into  the  white  powder  called 
Plaster  of  Paris.  Some  salts  part  with  it  by  simple  exposure  to  dry  ^®**'••^ 
air,  when  they  are  said  to  effloresce  ;  but  there  are  other  salts  which  dJ^^n^ 
deliquesce,  or  attract  water  from  the  atmosphere.*  ctnce. 

2i2.  The  water  of  crystallization  is  retained  by  a  very  feeble  affi- 
nity, as  is  proved  by  the  facility  with  which  such  water  is  separated 
from  the  saline  matter  by  a  moderate  heat,  or  by  exposure  to  the 
vacuum  of  an  air-pump  at  common  temperatures.  A  portion  of  the 
water  is  sometimes  retained  with  such  obstinacy,  that  it  cannot  be 
expelled  by  a  temperature  short  of  that  at  which  the  salt  is  to- 
tally decomposed.  This  water  is  considered  to  act  the  part  of  a  Basic  wa- 
base,  and  is  called  basic  water.  From  the  observations  of  6ra-  ^*'' 
ham,t  the  water  thus  retained  does  not  always  appear  to  act  this 
part,  but  to  be  in  a  peculiar  state  of  combination.  This  he  calls  con- 
stitutional  "wtLler ;  being  that  which  is  essential  to  the  existence  of  ^^oBtita- 
the  salt.  It  diflfers  from  basic  water,  by  not  being  removed  even  by  {JJ°  ^'^' 
the  most  powerful  alkalies,  but  is  readily  removed,  and  its  place  as- 
sumed, by  certain  anhydrous  salts.  The  character  of  water  in  these 
different  states  of  combination  will  be  understood  from  the  following 
example.  Crystals  of  phosphate  of  soda  are  composed  of  1  propor- 
tion phosphoric  acid,  2  soda,  and  25  water.  At  the  temperature  of 
212®,  24  proportions  of  the  water  are  expelled ;  but  the  25th  propor- 
tion is  retained,  and  a  red  heat  is  required  for  its  complete  separation. 
By  the  loss  of  the  24  proportions  the  crystalline  form  and  texture  of 
the  salt  are  destroyed,  but  the  residual  mass  has  all  the  properties  of 
the  common  phosphate  ;  whereas,  by  the  loss  of  the  25th  proportion, 
an  entirely  different  salt,  the  pyrophosphate  of  soda,  is  produced. 

23.  In  some  cases  the  proportion  of  water  is  removed  by  an  equi-  Water  ro- 
valent  of  any  base  that  supplies  its  place  in  the  compound  ;  in  others™**^**** 
it  is  not  affected  by  bases,  but  may  be  removed  by  certain  anhydrous 
salts  which  occupy  its  place,  and  give  rise  to  the  formation  of  double 
salts.  The  former,  as  acting  the  part  of  a  base,  is  the  basic  water; 
the  latter,  as  influencing  the  constitution  of  a  salt,  is  the  constitu* 
tioTud. water,  • 

24. 'The  difference  is  denoted  in  symbols,  by  writing  the  basic  Denoted  by 

_»______^ __^  symbols. 

*  Those  crystals  which  effloresce  hy  exposure  to  air,  may  often  be  conTeniently  pre- 
served, hy  slightly  oiling  their  surfaces.  The  best  method  is  to  soak  the  crystals  in 
oil  for  a  few  hours,  and  then  to  wipe  them  and  put  them  up  in  bottles. 

t  PhU,  Trana.  Edin.,  xii.  297. 


6  ^SUractum —  Cry$tallization. 

Chap.  L    water,  as  is  the  case  with  all  bases,  on  the  left  side  of  the  acid  with 
which  it  is  combined,  and  the  constitutional  water  on  the  right. 
Hence  the  symbol  of  the  crystals  of  phosphate  of  soda  is  SJNaO; 
HO.  PO^+24Aq. 
Decrtpiu-       25.  Salts,  in  crystallizing,  frequently  enclose  mechanically  within 
^®°'  their  texture  particles  of  water,  by  the  expansion  of  which,  when 

heated,  the  salt  is  burst  with  a  crackling  noise  into  smaller  frag- 
ments.    This  phenomenon  is  called  decrepitation.     Those  crystals 
in  which  the  water  of  crystallization  is  so  abundant,  as  to  liquefy 
WaierY  fu-  ^^^^^  when  its  temperature  is  raised,  are  sometimes  said  to  undergo 
sioD.  llie  watery  fusion. 

Crystal-         26.  Some  salts,  in  consequence  probably  of  their  strong  attraction 
^^'ioo       for  the  water  that  retains  them  in  solution,  cannot  be  brought  to  crys- 
promo        tallize  in  the  ordinary  way.     In  such  cases,  crystallization  may  be 
efiected  by  the  addition  of  substances  having  a  strong  affinity  for  wa- 
ter, by  which  its  attraction  for  the  dissolved  matters  is  weakened; 
thus  alcohol,  added  to  certain  aqueous  saline  solutions,  (as  solution 
of  nitre,)  produces  a  separation  of  crystals,  but  they  are  generally 
small  and  indistinct. 
By  ana-         27.  Crystallization  is  accelerated  by  introducing  into  the  solution 
^*"**         a  nucleus,  or  solid  body,  upon  which  the  process  begins  ;  and  manu- 
facturers often  avail  themselves  of  this  circumstance.     Thus  we  see 
sugar-candy  crystallized  upon  strings,  and   verdigris  upon   sticks. 
There  are  cases  in  which  it  is  particularly  advantageous  to  put  a  few 
crystals  of  the  dissolved  salt  into  the  solution,  which  soon  cause  a 
crop  of  fresh  crystals.     In  some  instances,  if  there  be  two  salts  in 
solution,  that  will  most  readily  separate  of  which  the  crystals  have 
been  introduced. 
Method  of       28.  By  placing  a  crystal  of  the  same  nature  in  a  saturated  solu- 
***^rfeci°'    ^*^"  °^  *  ®*^^'  turning  it  daily,  so  that  the  different  sides  shall 

crystals.     ^^  successively  exposed  to  the  liquid,  very  large  and  perfect  crystals 
may  be  obtained. 

29.  When  two  salts  of  different  solubilities  are  present  in  the 
same  solution,  they  often  may  be  separated  by  crystallization,  that 
which  is  least  soluble  constituting  the  earlier  crop  of  crystals. 
Crystal-  30.  Sometimes  crystallization  is  7iot  effectual  for  the  separation  of 

fociedby  ^^^^^-  When  the  sulphates  of  iron  and  copper  are  in  solution  loge- 
circum-  ther,  crystals  will  be  obtained  resembling  those  of  sulphate  of  iron, 
stances,  ^m  ^y|i|^  yg^y  variable  proportions  of  sulphate  of  copper  in  them,  the 
latter  salt  being  at  limes  present  in  great  quantity  ;  on  other  occa- 
sions triple  salts  are  formed,  f.  254. 
Bypres-  31.  The  pressure  of  the  atmosphere  has  been  said  to  have  consi- 

'"'*•  derable  Influence  on  crystallizalinn.     Thus  a  concentrated  solution 

of  sulphate  of  soda  (Glauber's  sail),  excluded  from  the  air  while  hot, 
does  not  crystallize  on  cooling;  but  will  generally  crystallize  when 
tiie  air  is  admitted.*   The  theory  of  this  phenomenon  is  not  very  ap- 


*The  best  method  of  exhibiting  this,  is  tn  place  several  pounds  of  Glauber's  salt  in 
a  suitable  Tessel,  and  to  pour  upon  it  two  pari<i  of  water  lo  three  of  sail ;  boil  it,  and 
while  hot  strain  the  solution  through  a  coarse  rloih,  into  a  tall,  wide,  thin  gloM  jar, 
previously  warmed ;  over  the  mouth  of  the  jar  a  piece  of  wet  bladder  is  lo  he  securely 
lied,  and  the  whole  left  to  cool.  When  quite  cold,  a  ))uncture  of  the  Ijladdcr  with  the 
point  of  a  knife  will  often  be  followed  by  cn'stalhzaiion  of  the  salt— if  it  should  not 
commence,  the  introduction  of  a  fragment  of  th«  salt  will  be  required.    The  tempera- 


Primitive  Forms.  * 

parent.  It  does  not  depend  upon  atmospheric  pressure,  for  the  Sect.i, 
solution  may  be  cooled  in  open  vessels,  without  becoming  solid,  pro- 
vided its  surface  be  covered  with  a  thin  film  of  oil ;  and  Turner 
succeeded  with  the  same  experiment  without  the  use  of  oil,  by  caus- 
ing the  air  of  the  vessel  to  communicate  with  the  atmosphere  by 
means  of  a  narrow  tube.  It  appears  from  some  experiments  of 
Graham,^  that  the  influence  of  the  air  may  be  ascribed  to  its  uniting 
chemically  with  water  ;  for  he  has  proved  that  gases  which  are  more 
freely  absorbed  than  atmospheric  air,  act  more  rapidly  in  producing 
crystallization. 

32.  The  presence  of  light  also  influences  the  process  of  crystalli*  By  light, 
zation.     Thus  we  see  the  crystals  collected  in  camphor  bottles  in 
druggists'  windows  always  most  copious  upon  the  surface  exposed  to 

light ;  and  if  we  place  a  solution  of  nitre  in  a  room  which  has  the 
light  admitted  only  through  a  small  hole  in  the  window  shutter, 
crystals  will  form  most  abundantly  upon  the  side  of  the  basin  most 
exposed  to  the  aperture  through  which  the  light  enters,  and  often  the 
whole  mass  of  crystals  will  turn  towards  it.  Many  saline  solutions 
form  arborescent  crystalline  pellicles,  when  left  to  spontaneous  eva- 
poration, which  slowly  travel  up  the  sides  of  the  basin,  and  gradually 
proceed  down  upon  the  outside ;!  this  process  also  always  begins  on 
the  side  nearest  the  light,  and  is  often  confined  to  it. 

33.  It  is  commonly  observed,  that  crystallized  bodies  affect  one  Assume 
form  in  preference  to  others.     The  floor  spar  of  Derbyshire  crystal-  rathsr  than 
lizes  in  cubes  :  so  does  common  salt.     Nitre  assumes  the  form  of  a  soother, 
six-sided  prism,  and  sulphate  of  magnesia  that  of  a  four-sided  prism. 

These  forms  are  liable  to  vary.  Fluor  spar  and  salt  crystallize 
sometimes  in  the  form  of  octohedrons  ;  and  there  are  so  many  forms  of 
carbonate  of  lime,  that  it  is  difi^cult  to  select  that  which  most  com- 
monly occurs. 

34.  Rome  de  Lisle  referred  these  variations  of  form  to  certain  Primitive 
truncations  of  an  invariable  primitive  nucleus;  and  Gahn  afterwards  "^*^^^^' 
observed,  that  when  a  piece  of  calcareous  spar  was  carefully  broken, 

all  its  particles  were  of  arhomboidal  figure.  This  induced  Bergman 
to  suspect  the  existence  of  a  primitive  nucleus  in  all  crystallized  bo- 
dies, t  This  subject  was  more  extensively  prosecuted  by  Haiiy. 
He  determined  the  primary  forms  of  minerals,  and  showed  how  sec- 
ondary forms  could  be  derived  from  them  by  simple  laws  of  decre- 
ment.^ 

35.  Haiiy  obtained  his  primary  forms  by  mechanical  division :  HaQj's 
thus  by  the  skilful  division  of  a.  six-sided  prism  of  calcareous  spar,  he  P"°"*»^« 
reduced  it  to  a  rhomb,  precisely  resembling  that  which  is  known 
under  the  name  of  Iceland  crystal.     Other  forms  of  calcareous  spar 
were  subjected  to  the  same  operation  ;  and,  however  different  at  the 
outset,  finally  agreed  in  yielding,  as  the  last  product,  a  rhomboidal  solid. 

tnre  of  the  jar  will  rise  during  the  change  from  the  fluid  to  the  solid  state.    If  a  glo- 
Imlar  vessel,  as  a  matrass,  is  employed,  it  will  often  be  broken  during  the  crvstalhza- 
tioo.    The  crystallizatioo  will  olten  take  place  on  slight  agitation  without  the  access 
of  air. 
*Pha.  Tram.  Edin.  1828.    See  also  N,  Edin,  Jour,  xiii.  309. 
t  This  may  be  prevented  by  smearing  the  edge  of  the  vessel  with  oil.  ^ 

t  PkyB.  and  Chem,  EsMayB,  Vol.  II.  p.  1.       §  Traits  de  Mm,  Paris :   1801. 
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Daniell*! 
method. 


Fig.  7. 


Chap.  I.  It  was  discovered  also  by  Haiiyi  that  if  we  take  a  crystal  of  another 
kind  (the  cubic  fluor  spar,  Derbyshire  spar,  for  instance,)  the  nucleus 
obtained  by  its  mechanical  diyision,  will  hare  a  different  figure,  viz. 
an  octofaedron.^ 

36.  A  method  of  developing  the  structure  of  crystals,  has  been 
described  by  Daniell.t  It  consists  in  exposing  any  moderately 
soluble  salt  to  the  slow  and  regu- 
lated action  of  a  solvent.  Thus  if  a 
lump  of  alum  is  placed  in  water,  after 
some  days,  octohedrons  and  sections  of 
octohedrons  will  be  seen  in  relief  upon 
its  lower  part.  (Fig.  7.)  The  crystal- 
line forms  of  metals  may  Jbe  in  a  similar 
manner  developed  by  immersion  in  di- 
lute acids. 

37.  From  the  imperfect  explanation  of  many  of  the  appearances  of 
crystals,  afforded  by  the  theory  of  Haiiy,  Wollaston  proposed  to 
consider  the  primitive  particles  as  spheres,  which,  by  mutual  attrac- 
tion, have  assumed  that  arrangement  which  brings  them  as  near  as 
possible  to  each  other.  By  the  due  application  of  spheres  to  each 
other,  he  has  shown  that  a  variety  of  crystalline  forms  may  be  pro- 
duced.t 


WoUai- 
ton's  tbao- 


*The  primaiT  forms  of  HaQy  are  reducible  to  six;  the  parallelopiped,  fig.  1,  which 
includes  the  cuoe,  the  rhomb,  and  all  the  solids  which  are  terminated  by  six  faces, 
parallel  two  and  two ;  the  tetrahedron,  fig.  2 ;  the  octohedron,  fig.  3 ;  the  regular  hexahe- 

Fig.  3. 


Fif.l. 


Fig.  2. 


4- 


dral  prism,  fig.  4 ;  the  dodecahedron  with  equal  and  similar  rhoraboidal  planes,  fig.  6 ; 
and  the  dodecahedron  with  triangular  planes,  fig.  6. 

Fig.  6. 


Fig.  4. 


Fig.  6. 


The  instruments  used  for  measuring  the  angles  at  which  the  planes  of  crystals  meet, 
or  incline  to  each  other,  are  called  gtmiometen.  For  the  descnption  of  these  and  the 
method  of  using  them  see  Cleaveluid's  Mineralogy ^  chap.  2d.  (edit.  1 822-)  Brooke's 
CrystaUography^  p.  25. 

t  Jour,  of  Sci.  and  ArU^  I.  24. 
•  t  PhiloB.  Trana.  1813,  p.  61.    Other  and  very  difi*erent  views  of  the  subject  of  pri- 
roitiye  forms,  have  been  taken  by  Brooke,  Mobs  and  others.     For  more  ample 
information  on  this  subject  consult  the  "  Fhmiiiar   introduction  to  Crystalhgra- 


CryttaUography,*'  by  James  D.  Dana,  fit.  D.    New  Haven  %  1837. 


Simpk  and  Comjmtnd  Fomu.  9 

38.  The  forma  of  cryilals  may  be  divided  into  simple  and  com-     SmiI- 
pound;  a  simple  form  haa  all  its  faces  equal  and  aim  tlsT  to  each  simple  and 
olher,  while  a  compound  forni  ia  boDnded  by  at  least  two  diSerenl  «nD|>°<>i>d 
daasea  of  faces ;  thus  figs.  8,  9,  10  are  simple  forms.     Figs.  11,18,         ' 
Fit.  8.  .      rit.9.  ■     Fir  10- 


compound,  for  fig.  U  ia  composed  of  eight  hezaKonal  and  six 
square  faces;  fig.  13  contains  three  classes  of  bees,  eight  hexagonal, 

F*  1>-  Ftj.  IS.  Fig.  13, 


ail  oclagoDal,  and  twelve  quadratic.  The  lines  round  which  the  dif-  ^ 
ferent  parts  of  crystals  are  ifrouped,  are  called  crystalline  axes.  It 
will  be  observed  tnat  in  the  figures  8,  9,  10,  three  right  lines,  which 
are  equal  in  length  and  perpendicular  to  each  olher,  may  pass 
through  the  centre  of  the  crystal ;  in  Gg.  8  by  joining  ihe  opposite 
angles,  in  fig.  9  by  joining  the  centres  of  the  oppoeile  faces,  and  in 
fig.  10  by  connecting  the  opposite  angles  formed  hy  the  meeting  of 
four  edges.  These  farms  are  thus  connected  by  having  the  same 
axes  of  crystallization,  and  proceeding  from  these  three  equal  and 
rectangular  axes,  either  the  octohedron,  the  cube,  or  llie  rhombic 
dodecahedron  may  be  constructed,  the  resulting  form  depending  solely 
on  the  law  according  to  which  planes  are  symmelrically  arranged 
around  the  axes- 

39.  From  the  law  that  every  plane  ihail  past  through  an  exlre-  Lmwu 
tnihf  of  each  axu,  results  the  octohedron  fig.  S.     This  law  limits  the 
number  of  faces  to  eight,  and  aa  these  intersect  in  the  lines  joining 

the  eilremilics  of  the  axes,  each  face  is  an  equilateral  triangle,  and 
the  resulting  form  is  the  regular  octohedron.  From  the  law  t^ 
each  plane  thatl  pau  through  an  extremity  of  one  axu  and  be  paral- 
lel to  the  other  two,  results  the  cube  fig.  9.  As  each  axis  haa  two 
extremities,  only  six  planes  can  be  grouped  around  ihem,  and  by 
their  intersection  the  hexahedron,  or  cube,  is  produced.  In  a  similar 
manner  may  the  rhombic  dodecahedron,  fig.  10,  be  shown  to  be 
formed  according  to  the  law  that  each  plane  shall  paas  through  the 
extremities  of  two  axes,  and  be  parallel  to  the  third. 

40.  Simple  forms  thus  associated  by  being  reducible  from  the  same 
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^^^9-  ^'    axes,  constitute  what  is  termed  a  system  of  crystelHzatum.    Thus  the 
SysteroB  of  octohedron,  cube,  and  rhombic  dodecahedron  are  three  forms  of  the 
cryitalliza-  octohedral  or  regular  system.     Such  forms  are  connected  still  more 
^°'  intimately  by  the  remarkable  fact,  that  any.8ubstance  which  in  crys- 

tallizing assumes  one  form  of  a  system,  may,  and  frequently  does,  as- 
sume other  forms  belonging  to  that  system ;  and  what  is  still  more 
remarkable,  the  same  substance  is  not  only  capable  of  assuming  dif- 
ferent forms  of  the  same  system,  but  during  the  act  of  crystallization, 
the  faces  of  two,  three,  four,  and  in  some  cases  even  more,  of  these 
forms  are  simultaneously  developed,  whereby  compound  crystals  of 
the  greatest  diversity  of  form  and  appearance  are  produced.* 

41.  A  knowledge  of  all  the  simple  forms  of  a  system,  as  being 
those  in  which  the  same  substance  may  occur,  and  which  alone  can 
give  rise  to  compound  crystals,  is  highly  important.  Haiiy  first 
proved  the  existence  of  a  mathematical  connexion  between  them ; 
but  we  are  indebted  to  Weiss,  of  Berlin,  for  the  distinction 
of  the  system  ^of  crystallization.  He  has  shown  that  all  crystalline 
forms  may  be  brought  under  one  of  the  six  folloi^ing  systems,  which 
may  be  distinguished  as  ^'  irt^j-^A^ 

1.  The  octohedb^l,  or  regular  system.  4.  Tbe/^blique  prismatic  system. 

2.  The  square  prismatic  system.  5.  The  square  prismatic  system. 

3.  The  right  prismatic  system.  6.  The  rhombohedral  system. 

42.  The  octohedral  system  is  characterized  by  the  three  equal 
and  rectangular  axes  already  described.  If  we  suppose  that  two  of 
the  axes  are  horizontal,  and  the  third  vertical  (figs.  8)  9,  and  10), 

Octohedral  jj^g  ||i^  q(  symmetry  is  such,  that  if  a  face  of  a  crystal  be  observed 
*^*  "•  to  bear  a  certain  relation  to  one  of  the  horizontal  axes,  other  faces 
must  fulfil  the  same  condition  to  the  other  equal  axes.  From  the 
perfect  symmetry  in  the  difierent  parts  of  the  crystal,  this  group  is 
often  called  the  regular  system  of  crystallization.  It  consists  of  but 
few  simple  forms,  the  number  being  necessarily  limited  to  the  num- 
ber of  different  ways  in  which  a  plane  can  intersect  the  three  axes^ 
These  are  only  seven. 

Number  of  1.  The  plane  may  cut  each  at  an  equal  distance  from  the  centre, 
forms.  j^g  jn  ^j^g  octohedron  (fig.  8). 

2.  The  plane  may  cut  two  axes  at  an  equal,  and  the  third  at  a 

greater  distance  from  the  centre.     The  resulting  form  is  called 
the  Triakisoctohedron. 

3.  The  plane  may  cut  two  axes  at  an  equal,  and  the  third  at  a  less 

distance  from  the  centre.     The  resulting  form  is  the  Ikositetra- 
hedron. 

4.  The  plane  may  cut  all  three  axes  unequally.     The  resulting  form 

is  the  Herakisoctohedron. 

5.  The  plane  may  cut  two  axes  at  unequal  distances  from  the  cen- 

tre, and  be  parallel  to  the  third.     The  resulting  crystal  is  the 
Tetrakishexahedron. 

6.  The  plane  may  cut  two  axes  in  points  equally  distant  from  the 

*  Thus  alum  may  crystallize  in  the  form  of  a  cube,  or  rctobedron.  but  the  compound 
crystal,  fig.  1 1,  is  more  common,  where  the  faces  of  the  cube  truncate  the  angles  of 
the  octohedron.  Fig.  12.  is  another  form  of  the  alum,  where,  in  addition  to  the  octo- 
hedron, the  faces  of  the  rhombic  dodecahedron  are  also  developed.  Fig.  13  represents 
a  oombinatioa  of  all  three  forms. 
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ceDtre,  and  be  parallel  to  the  third.    The  form  is  the  rhombic 

dodecahedron  (fig.  10). 
7.  The  plane  may  cat  one  axis,  and  be  parallel  to  the  other  fwo. 

The  form  is  the  cube  or  hexahedron  (fig.  9). 
Of  these  forms,  1,  6,  and  7  are  of  frequent  occurrence ;  the  others 
are  usually  found  in  combination. 

43.  The  square  prismatic  system*      The  forms  of  this   system  Scjam 
are  also  characterized  by  three  axes  which  intersect  each  other  at  priBmatic 
right  angles ;  but  they  diflfer  from  those  of  the  first  system  by  two  •y***"- 
only  out  of  the  three,  being  equal.     Let 
the  third  axis  be  supposed  in  a  vertical  po- 
sition   (fig,   14),  the  octohedron    formed 
is  either  longer  or  shorter  in  the  direction 
of  this  axis,  than  in  that  of  its  horizontal 
axis.      These  octohedrons  may  be  com- 
pared to  a  double  four  sided  pyramid  on  a 
square  base.     The  parts  about  the  base 
are  similar  to  each  other,  but  differ  from  those  about  its  upper  or 
lower  extremity ;  and  this  character  distinguishes  the  system. 

44.  The  right  prismatic  system.    The  crystals  of  this  system  are  Right  pm* 

matic  sjt- 
tem. 


Fig.  15. 


Fig.  16. 


Fig.  17. 


like    the  preceding,  characterized  by  three  rectangular  axes,  and 
are  distinguished  from  both  by  no  two  of  these  axes  being  equal. 

Fig.  18. 

45.  The  oblique  prismatic  system.  The  crys- 
tals of  this  system  (fig.  18),  difi!er  from  those 
of  the  last  by  the  front  and  back  parts  being 
dissimilar.  This  is  owing  to  two  of  the  axes 
intersecting  each  other  obliquely,  while  the  third 
still  remains  perpendicular  to  both. 

46.  The  double  oblique  system  is  readily  re- 
cognized by  the  complete  absence  of  all  sym- 
metry in  its  crystalline  forms.  This  results 
from  all  three  axes  intersecting  each  other 
obliquely ;  owing  to  which  the  left  and  right 
sides,  as  well  as  the  back  and  front,  are  of 
different  crystalline  values.  Hence  no  two  faces 
are  connected  except  those  which  are  parallel, 
and  all  symmetry  of  form  disappears. 


Oblique. 


Fig.  19. 


Doable  ob 
lique. 
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Chap.  I.       47.  The  rh&mbohedral  system.    The  forms  of  this  system  Bte,  like 
Rhombobe-  the  octohedral,  characterized  by  three  equal  and  si-  ^ 

dral.  mifar  axes ;    but  these  axes  intersect  each  other  at  *^ 

equal,  but  not  at  right  angles.  Its  most  simple 
form  is  the  rhombohedron  (fig.  20],  which  is 
bounded  by  six  equal  and  similar  rhombic  faces. 
The  axes  are  obtained  by  joining  the  centre  of  the 
opposite  faces.* 

^JygJJJ'JJ^     48.  In  the  year  1819,  a  discovery,  extremely  important  both  to 
lich.  mineralogy  and  chemistry,  was  made  by  Mitscherlich  of  Berlin, 

relative  to  the  connexion  between  the  crystalline  form  and  com- 
position of  bodies.  It  appears  from  his  researches,!  that  certain 
substances  have  the  property  of  assuming  tbe  same  crystalline  form, 
and  may  be  substituted  for  each  other  in  combination  without  affect- 
ing the  external  character  of  the  compound.  Thus  crystals  pos- 
sessed of  the  form  and  aspect  of  alum  may  be  made  with  sulphates 
of  potassa  and  sesquioxide  of  iron,  without  a  particle  of  aluminous 
earth ;  and  a  crystal  composed  of  selenic  acid  and  soda  will  have  a 
perfect  resemblance  to  Glauber's  salt, 
Ifomorph-  49^  fo  the  new  branch  of  science  laid  open  by  this  discovery,  the 
term  isomorphism  (from  Ujo^  equal,  and  fMoqqr^  form)  is  applied : 
and  those  substances  which  assume  the  same  figure,  are  said  to  bo 
isomorphous.  Of  these  isomorphous  bodies,  several  distinct  groups 
have  been  described  by  Mitscherlich.l 

50.  From  the  facts  observed,  the  form  of  crystals  is  inferred  to 
depend  on  their  atomic  constitution,  and  they  at  first  induced  Mits- 
cherlich to  suspect  that  crystalline  form  is  determined  solely  by  the 
number  and  arrangement  of  atoms,  quite  independently  of  their  nn« 
ture.     Subsequent  observations,  however,  induced  him  to  abandon 
this  view  ;  and  to  incline  to  the  opinion  that  certain  elements,  which 
are  themselves  isomorphous,  when  combined  in  the  same  manner 
with  the  same  substance,  communicate  the  same  form. 
CrvitalU-       ^^'  Isomorphous  substances  crystallize  together  with  great  readi- 
zationand  tiess,  and  are  separated  from  each   other  with  difficulty.     Tlius 
MparatioQ  a  weak  solution  of  lime,  which  in  pure  water  would  be  instantly 
phoos  sab^  indicated  by  oxalate  of  ammonia,  is  very  slowly  affected  by  that  test 
stances.       when  much  sulphate  of  magnesia  is  present  ;$  and  Turner  foimd 
that  chloride  of  manganese  cannot  be  purified  from  lime  by  oxalate 
of  ammonia. 

The  sulphates  of  zinc  and  copper,  of  copper  and  magnesium,  of 
copper  and  nickel,  of  zinc  and  manganese,  and  of  magnesium  and 
manganese  crystallize  together,  and  have  the  same  form  as  green  vit- 
riol, without  containing  a  particle  of  iron.  These  mixed  salts  may  be 
crystallized  over  and  over  again  without  the  ingredients  being  sepa- 
rated from  each  other.  T.  4i8. 
AdTantaees     ^^*  '^^®  tendency  of  isomorphous  bodies  to  crystallize  together, 

from  iso-  ■    ■    ■-      ■■  ■  ■ — ' 

morphism,      *  p^,  nio^e  minute  details  see  Turner's  ESlemenU,  6lh  edit.  p.  409. 

t  ilnfu  deCk.elde  Phya.j  vol.  xir.  172,  xix.  360,  and  xxiv.  264  and  356. 

t  For  a  table  of  isomorphous  substances  see  Johnston's  Report  on  Oiemiatry, 
in  Tol.  1st  of  Reports  o/Britiak  Aaaodation,  1S31 — 2. 

S  Daubeny,  in  EcUn.  PhU.  Jour»  Tii.  108. 
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accounts  for  the  difficulty  of  parifying  mixtures  of  isomoiphous  salts  Sect,  n. 
by  crystallization.  The  same  property  sets  the  chemist  on  his  guard 
against  the  occurrence  of  isomorphous  substances  in  crystallized 
minerals.  It  is  a  useful  guide  in  discovering  the  atomic  constitu* 
tion  of  compounds.  For  example,  from  the  composition  of  the  oxides 
of  iron,  and  the  compounds  which  this  metal  forms  with  other  bodies, 
it  is  known  that  the  sesquioxide  consists  of  two  atoms  of  iron  and 
three  atoms  of  oxygen ;  and,  therefore,  it  is  inferred  that  alumina, 
which  is  isomorphous  with  sesquioxide  of  iron,  has  a  similar  consti* 
tution.* 

53.  In  connexion  with  chemistry,  the  theory  of  crystallization  Connexion 
opens  a  new  avenue  to  the  science,  and  frequently  enables  us  to  as-  fj^JJJJ**^* 
certain  directly,  that  which,  independent  of  such  aids,  could  only  be  with  chem- 
arrived  at  by  an  indirect  and  circuitous  route.     We  frequently  read  "try. 
the  chemical  nature  of  substances,  in  their  mechanical  forms.     In 
the  arts,  the  process  of  crystallization  is  turned  to  very  valuable 
account,  in  the  separation  and  purification  of  a  variety  of  substances. 


Section  II.     Heterogeneous  Attraction^  or  Affinity, 

54.  Having  considered  attraction  as  disposing  the  particles  of  bo-  Chemical 
dies  to  adhere  so  as  to  form  masses  or  aggregates;  and  in  many  in-'^^^^^^P" 
stances,  to  arrange  themselves  according  to  peculiar  laws,  and  to  as-**'*  °*  ^* 
sume  regular  geometrical  figures — we  are  now  to  regard  this  power 

as  operating  upon  dissimilar  particles  ;  as  presiding  over  the  com- 
position of  bodies  ;  and  as  producing  their  chemical  varieties.  This 
is  Chemical  Attraction,  or  Affinity. 

55.  Chemical  affinity,  like  the  cohesive  attraction,  is  effective  on-  Distin- 

ly  at  insensible  distances;  but  it  is  distinguished   from  the  latter  J^J^jj^. 

force,  in  being  exerted  between  the  particles  or  atoms   of  bodies  of  sive  atuac- 

different  kind$.     The  result  of  its  action   is  a  new-  compound,  in  ^'®°' 

which  the  properties  of  the  components  have  either  entirely  or  part-  5?*°^^.  *^ 

ly  disappeared,  and  in  which  new  qualities  are  also  apparent.  tion. 

ThuB,  a  piece  of  marble  is  an  aj;gregate  of  smaller  portions  of  marble  attach- 
ed  to  one  another  by  coA««ion,  andthe  parts  so  attached  are  the  integrant  parti- 
cles ;  each  of  which,  however  minute,  is  as  perfect  marble  as  the  mass  itself. 
But  the  integrant  particles  consist  of  two  substances,  lime  and  carbonic  acid, 
which  are  different  from  one  another  as  well  as  from  marble,  and  are  united  by 
ektmical  attraetion. 

The  integrant  particles  of  a  body  are  therefore  aggregated  togeth- 
er by  cohesion  ;  the  component  parts  are  united  by  affinity. 

56.  The  most  simple  instance  of  the  exercise   of  chemical  altrnc-  Instances, 
tion  is  afforded  by  the  mixture   of  two  substances  with  one  another. 
Water  and  sulphuric  acid,  or  water  and  alcohol  combine  readily.    So 

when  potassa  is  added  to  sulphuric  acid  chemical  affinity  is  exerted, 
and  they  combine  together.  If  the  two  last  substances  are  examin- 
ed before  being  presented  to  each  other,  each  will  be  found  to  be 
distinguished  by  peculiar  properties.     The  potassa  will  convert  the 

*  PleBiomorpkUm  (from  the  Greek  nlijotog^  near)  is  the  term  proposed  by 
Miller  to  indicate  the  forms  of  substances  that  (wproximate  hui  Are  noi  identical ; 
such  have  been  brought  forward  by  Brooke  azainst  the  doctrine  of  isomorphism.  See 
his  essay,  and  the  reply  uf  Whewell,  in  Phuot.  Mag.  and  Ann,  N.  S.  X.  161  &  401. 
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blue  colour  of  vegetable  iofusions^  to  greeny  the  acid  will  tarn 
them  red.  But  if  we  gradually  add  the  potassa  to  the  acid,  we  shall 
obtain  a  liquid  which  will  have  neither  the  properties  of  the  potassa 
or  of  the  acid ;  and  which  will  no  longer  change  the  colour  of  the 
regetable  infusion,  and  the  taste  of  which  will  have  been  converted 
into  a  bitter  one. 

57.  In  cases  of  this  kind  where  chemical  combination  takes  place, 
and  the  qualities  of  the  component  parts  of  a  compound  are  no  lon- 
ger to  be  detected  in  it ;  the  bodies  combined  are  said  to  Tieutralize 
each  other. 

58.  Neutralization  is  to  be  distinguished  from  saturation,  (14)  by 
which  we  express  those  weaker  combinations  where  there  is  no  re- 
markable alteration  of  qualities,  as  in  cases  of  solution. — Water,  for 
example,  will  dissolve  successive  portions  of  common  salt,  or  sugar, 
uutil  at  length  it  refuses  to  take  up  more;  or  is  saturated;  the  so- 
lution retaining  the  saline  or  sweet  taste  and  some  other  qualities  of 
the  salt  or  sugar.  The  only  physical  quality  that  is  changed  being 
that  of  cohesion.t 

59.  In  many  cases,  the  properties  of  the  compounds  resulting 
from  chemical  affinity  differ  essentially  from  those  of  their  compo- 
nent parts,  and  a  series  of  new  bodies,  possessed  of  distinct  and  pe- 
culiar characters,  is  produced. 

Thus  when  two  volumes  of  nitric  oxido  gas  (Deutoxide  of  Nitroeen)  are 
mixed  with  one  of  oxygen,  an  orango-coloured  gas  results,  very  sour,  and  soluble 
in  water,  whereas,  the  gases  before  mixture  wore  colourless,  tasteless, and  insolu- 
ble in  water. 

If  into  a  glass  vessel,  exhausted  of  air,  be  introduced  sulphur,  and  copper  fi- 
lings, and  heat  be  applied  so  as  to  melt  the  former,  it  will  presently  combine  with 
the  latter. 

If  we  mix  a  (quantity  of  iron  filings  and  sulphur,  and  melt  them  in  a  crucible, 
we  obtain  a  brittle  mass  which  has  properties  different  from  thosD  of  either  of 
its  constituent  parts. 

60.  We  observe  as  the  results  of  this  attraction  between  these  sub- 
stances, 1,  that  the  substances  produced  have  not  the  intermediate 
properties  of  their  elements  but  that  they  present  new  characters  i 


Ten  liqaid. 


NeatrslizKtioa 
how  tthcttd. 


'^  An  infusion  of  purple  cabbage  affords  an  economical  and  convenient  liqaid  for 
this  and  similar  purposes*  For  its  preparation,  (Hie  or  more  red  cabbages  should  be 
cat  into  strips,  and  boiling  water  poured  upon  the  pieces,  a  little  dilute  sulphuric  acid 
is  to  be  added,  and  the  whole  well  stirred  :  it  is  then  to  be  covered  and  kept  hot  as 
long  as  possible,  or  if  convenient,  should  be  heated  nearly  to  boiling  for  an  hour  or 
two  in  a  c  ipper  or  earthen  vessel.  The  quantity  of  water  to  be  added  at  first  should 
be  sufficient  to  cover  the  cabbage,  and  the  sulphuric  acid  should  be  in  the  proportion 
of  about  half  an  ounce  of  strong  oil  of  vitriol'  bv  measure  to  each  good  sizen  plant. 
This  being  done,  the  fluid  should  be  separated  anu  drained  off,  and  as  much  more  hot 
water  poured  on  as  will  cover  th<)  solid  residue,  adding  a  very  little  sulphuric  acid.  The 
whole  is  to  be  closed  up,  and  suffered  to  stand  until  cooled,  and  then  the  liquid  poured 
ofi*  and  added  to  the  former  infusion.  The  infusion  is  to  be  evanorated  to  one  half 
or  one  third  its  first  bulk,  poured  into  a  jar,  allowed  to  settle,  and  the  clear  red  fiuid 
decanted  and  preserved  in  bottles.  This  solution  will  keep  a  year.  When  required 
for  use,  the  acid  of  a  small  portion  of  it  should  be  neutralized  by  caustic  potassa  or 
soda,  (not  by  ammonia,)  when  it  will  assume  an  intensely  deep  blue  colour,  andwiU  io 
roost  cases,  require  dilution  with  twelve  or  fourteen  parts  of  water.    Paraday. 

t  Neutralizations  are  best  effected  with  the  assistance  of  heat,  especially  if  a  car- 
bonate be  used,  or  if  precipitation  occur  during  the  operation.  The  carbonic  acid  in 
the  first  case  is  dissipated,  and  in  the  latter  the  combination  is  more  rapidly  and 
perfectly  efiected.  Evaporating  basins  are  highly  useful  for  these  purposes, 
their  contents  being  easily  stirred,  and  the  rod  used  for  that  purpose  also  applied 
to  moisten  the  test  paper  when  required.  The  solution  to  be  neutralized  should 
not  be  very  strong,  and  the  substance  added  should  be  diluted  upon  approaching  the 
point  of  neutralization,  if  it  be  accurately  required.    F.  274. 
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Fig.  21. 


2,  that  in  the  iBecond  experiment  much  heat  and  light  lire  evolted    Secu  n. 
during  the  mutual  action  ;  3,  that  the  substances  will  unite  in  cer- 
tain proportions  only. 

61.  In  liquids  and  gases,  similar  changes  of  properties  may  be 
exhibited,  and,  in  many  cases,  a  change  of  form  or  state  results. 
Thus  the  combination  of  aeriform  bodies  produces  a  solid. 

Into  a  retort  (fig.  21,  a,)  introduce 
a  small  quantity  of  liquid  ammonia 
^volatile  alkali,]|  and  into  another  a 
little  hydrochloric  (muriatic)  acid ;  in- 
sert  the  beaks  of  the  retorts  into  the 
extremities  of  a  glsss  cylinder,  b. 
The  gases  arising  Som  the  acid  and 
ammonia,  pass  into  the  cylinder  and 
udite  to  form  a  new  solid  compound, 
hydrochlorate  of  ammonia  (sal  am- 
moniac.) 


Solid  pro- 
ducts. 


Exp.  1. 


If  to  a  concentrated  solution  of  hydrochlorate  of  lime,  sulphuric  acid  or  a  sat- 
urated solution  of  carbonate  ofpotassa  be  gradually  added,  a  wnite  solid  will  result. 

62.  In  other  cases  the  solids  are  converted  into  aeriform  matter, 
of  which  the  combustion  of  gunpowder  is  a  familiar  instance. — Gas- 
es also,  form  a  liquid  ;  as  when  oleiiant  gas  is  mixed  with  chlorine. 

When  certain  liquids  are  presented  to  each  other,  gases  are  the 
result,  as  when  to  two  parts  of  alcohol  we  add  one  part  of  nitric  acid, 
an  effervescence  ensues,  and  aeriform  matter  is  copiously  evolved. 

Solids  also  produce  liquids. 

Rub  together  in  a  mortar  a  few  ciystals  of  Glauber's  salt  with  nitrate  of  am- 
monia, the  two  solids  will  become  fluid. 

Such  operations  are  not  confined  to  art.  Nature  presents  them 
on  an  extended  scale  ;  and  in  connexion  with  the  functions  of  life, 
renders  them  subservient  to  the  most  exalted  purposes. 

63.  The  new  chemical  powers  that  bodies  thus  acquire  in  conse- 
quence of  combination,  are  often  extremely  remarkable,  and  can  on- 
ly be  learned  by  experimeTit,  It  frequently  happens  that  inert  bodies 
produce  inert  compounds,  and  that  active  substances  remain  active 
when  combined  ;  but  the  reverse  often  occurs :  thus  oxygen,  sulphur, 
and  water,  in  themselves  tasteless  and  comparatively  inert,  produce 
sulphuric  acid  when  chemically  combined  ;  and  potassa,  which  is  a 
powerful  caustic,  when  combined  with  sulphuric  acid,  forms  a  salt"^ 
possessing  little  activity. 

64.  The  colours  of  bodies  are  altered  by  chemical  action. 

Into  a  weak  solution  of  nitrate  of  copper,  drop  liquid  ammonia,  a  rich  blue 
colour  will  be  produced.  Add  gradually,  on  the  end  of  a  glass  rod,  a  little  sul- 
phuric acid,  the  liquid  will  become  colourless. 

To  an  infusion  of  purple  cabbage  add  a  few  drops  of  an  acid,  the  colour  will 
be  changed  to  red. — The  addition  of  liquid  potassa,  in  quantity  just  sufficient  to 
neutralize  the  acid,  will  restore  the  original  colour. 

The  addition  of  potassa  alone,  produces  a  sreen  colour. 

Into  a  small  jar  of  chlorine  gas,  confined  by  water,  introduce  a  piecb  of  lit- 
mus  paper,  the  colour  will  be  wholly  destroyed. 

IViien  sulphate  of  copper  (blue  vitriol,)  and  acetate  of  lead  (suffar  of  lead) 
are  rubbed  together  in  a  mortar ;  the  new  compound  has  a  green  colour. 

Calomel  and  potassa,  both  colourless,  when  rubbed  in  a  mortar  form  a  black 
compound. 

*  The  term  soli  io  chemistry  it  not  confined  to  thoM  substances  called  salts  in  or- 
dinary discourse. 
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Chap.  I.        Iodine,  wliofle  vapour  ie  of  a  Tiolet  hue,  forms  a  beautiful  red  compound  wiUi 
mercury,  and  a  yellow  one  with  lead. 

65.  The  specific  gravity  of  bodies  is  altered  by  chemical  action. 
Two  bodies  rarely  occupy  the  same  space  after  combination  which 
they  did  separately.  In  general  their  bulk  is  diminished,  so  that  the 
specific  gravity  of  the  new  body  is  greater  than  the  mean  of  its 
components.  Thus  a  mixture  of  100  equal  measures  of  water  and 
an  equal  quantity  of  sulphuric  acid  does  not  occupy  the  space  of  200 
measures,  but  considerably  less.  A  similar  contraction  frequently 
attends  the  combination  of  solids.  Gases  often  experience  a  re- 
markable condensation  when  they  unite.  But  there  are  exceptions. 
The  reverse  happens  in  some  metallic  compounds ;  and  there  are 
examples  of  combination  between  gases  without  any  change  in  bulk. 

66.  A  change  of  temperature  generally  accompanies  chemical 
action.  Caloric  is  evolved  either  when  there  is  a  diminution  in  the 
bulk  of  the  combining  substances  without  a  change  of  form,  or  when 
a  gas  is  condensed  into  a  liquid,  or  when  a  liquid  becomes  solid 
(61.  Exp.  2) ;  and  as  when  water  is  poured  upon  quicklime. 

When  equal  parts  of  sulphuric  acid  and  water  are  mixed,  the  temperature  is 
so  much  increased  that  if  the  mixture  be  made  in  a  phial  about  which  tow  is 
wrapped  containing  a  few  pieces  of  phosphorus,  the  phosphorus  will  be  in- 
flamed.* 

67.  Ignition  is  a  frequent  attendant  upon  chemical  action, 
(59.  Exp.  2.) 

Mix,  cautiously,  a  small  quantity  of  sugar  with  about  half  its  weight  of  the 
salt  called  chlorate  of  potassa,  form  the  mixture  into  a  heap  upon  a  plate  of 
iron,  and  drop  upon  it  from  the  extremity  of  a  glass  rod,  a  little  sulphuric  acid,  it 
will  be  inflamed. 

Drop  a  small  piece  of  potassium  into  water,  or  upon  ice,  hydrogen  gas  will  be 
disengaged  and  take  fire. 

68.  As  chemical  action  takes  place  among  the  ultimate  or  con- 
stituent elements  of  bodies,  it  must  obviously  be  opposed  by  the  co- 
hesion of  their  particles,  and  chemical  attraction  is  often  prevented 
by  mechanical  aggregation. 

Introduce  a  piece  of  the  metal  antimony  into  a  jar  of  chlorine  gas,  it  will  be 
only  slowly  and  superficially  acted  upon  ;  but  if  the  mechanical  aggregation  be 
previously  diminished,  by  reducing  tiie  metal  to  powder,  it  in  that  state  rapidly 
unites  with  the  gas,  and  bums  the  instant  that  it  is  introduced. 

The  influence  of  mechanical  division  in  promoting  the  action  of 
chemical  affinity,  and  in  favouring  solution,  will  be  obvious,  if  into 
a  vessel  containing  dilute  hydrochloric  acid  we  drop  a  lump  of  mar- 
ble ;  and  into  another  vessel  containing  the  same  acid  we  pour  an 
equal  weight  of  marble  reduced  to  powder. 

69.  The  chemical  energies  of  bodies,  are  increased  by  heat. 
To  four  ounce-measures  of  water,  at  the  temperature  of  the  atmosphere,  add 
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three  ounces  of  sulphate  of  soda  in  powder,  only  part  of  the  salt  will  be  dissolv 
ed,  even  after  being  agitated  some  time.    Apply  beat,  and  the  whole  of  the  salt 
will  disappear. 

To  this  law,  however,  there  are  several  exceptions;  for  many 
salts  are  equally,  or  nearly  equally,  soluble  in  cold  as  in  hot  water ; 
as  will  be  seen  hereafter. 

The  effects  of  heat  are  sometimes  only  referable  to  the  diminution 
of  adhesion  by  expansion,  or  liquefaction ;  but  in  other  cases  they 


*  As  the  phial  is  often  broken,  it  should  be  placed  upon  a  piate. 
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are  peculiar  and  complicated,  and  probably  concerned  in  -modiiring    Secni. 
the  electrical  energies  of  the  acting  substances. 

70.  Mechanical    agitation,  also  favours  the  chen>ical    action  ofindbyMe- 

bodies.  ehanicai 

agitation. 
Into  a  wine  glasa  full  of  water,  tinged  blue  with  the  infuaion  of  cabbage  let  ^ 

fall  a  small  lump  of  aolid  tartaric  acid.    The  acid,  if  left  at  rest,  even  during      ^* 
some  hours,  will  only  change  to  red  that  portion  of  the  infusion,  which  is  in 
immediate  contact  with  it.    Stir  the  liquid,  and  the  whole  will  immediately 
become  red. 

Sulphuric  acid  poured  into  alcohol  will  subside  to  the  bottom,  and  chemical  p^ 
action  will  take  place  only  at  the  touching  surfaces  of  the  two  substances — ^but  ^' 
it  will  be  brought  on  through  the  whole  mixture  by  agitation. 

71.  Some  bodies  evince  no  affinity  for  each  other.  Some 

Oil  and  water,  or  jpowdered  chblk  and  water,  may  be  agitated  together,  ^^t^^f'^' 
they  will  not  combine.    On  allowing  the  vessels  containing  them  to  remain  at  affinitv 
rest,  the  oil  or  water  rises  to  the  surrace,  and  the  chalk  falls  to  the  bottom.  Ryp  ^' 

72.  The  intervention  of  a  third  body  will  sometimes  promote  the  Uaion  mo- 
union  of  two  other  bodies  which  have  no  affinity  for  each  other.         SSrd'boJ  * 

Thus  oil  and  water  unite  immediately  on  adding  an  alkali,  as  caustic  potassa.  R^p 

73.  It  very  frequently  happens,  on  the  contrary,  that  the  tenden-  Or  destroy- 
cy  of  two  bodies  to  unite,  or  remain   in  combination    together,  is***- 
weakened  or  destroyed  by  the  addition   of  a   third.     Thus  alcohol 

unites  with  water  in  such  a  manner  as  to  separate  most  salts  from  it. 

A  striking  instance  of  this  is  seen  in  a  saturated  or  strong  solution  of  nitre  in  Elxp. 
water.    If  to  this  there  be  added  an  equal  measure  of  alcohol,  the  greater  part 
of  the  nitre  instantly  falls  down. 

Or,  if  to  a  solution  of  camphor  in  alcohol,  water  be  added,  the  water  will  Exp. 
unite  with  the  alcohol  and  the  camphor  will  be  separated. 

Oil  has  an  affinity  for  the  volatile  alkali,  ammonia,  and  will  unite  with  it,  R^p 
forming  a  soapy  substance  called  a  liniment.    But  the  ammonia  has  a  still  great- 
er attraction  for  sulphuric  acid ;  and  hence  if  the  acid  be  added  to  the  liniment, 
the  alkali  will  quit  the  oil,  and  unite  by  preference  with  the  acid. 

74.  The  affinity  existing  between  any  two  bodies,  is  inferred  from  Affinity 
their  entering  into  chemical  combination,  and  that  this  has  happened,  ^^      '* 
we  have  a  proof  in  the  change  of  properties. 

75.  From  n  great  number  of  facts,  it  appears  that  some  bodies 
have  a  stronger  tendency  to  unite  than  others,  and  that  the  union 
of  a  substance  with  another  will  often  exclude,  or  even  bring  about 
the  separation  of  a  third  substance  which  may  have  been  previously 
united  with  one  of  them.  This  preference  of  uniting,  exhibited  - 
with  regard  to  other  bodies,  has  been  called  Elective  Affinity,    Thus  f^^^^^* 

To  a  solution  of  camphor  in  alcohol  add  water;  the  camphor  will  be  separa-  R^p  |^ 
tad,  and  the  water  and  alcohol  will  unite. 

Add  to  water  a  few  drops  of  sulphuric  acid;  the   addition  of  a  solution   ofEIzp.2. 
baryta  will  cause,  the  separation  of  the  acid.     The  white  substance  that  will 
suMide  will  be  a  new  compound  of  sulphuric  acid  and  baryta. 

In  these  and  many  similar  cases  combination  and  decomposition 
occur. 

76.  When  a  compound  is  decomposed  and  but  one  substance  is  Single, 
se'parated,  or  brought  into  combination,  the  affinity  has  been  called 
Single  Elective.     But  the  phenomena  are  often  more  complex. 

77.  When  two  compounds,  each   consisting  of  two  ingredients,  Double, 
are  decomposed  and  two  new  compounds  formed,  we  have  an  in- 
stance of  Double  Elective  Affinity. 
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Mix  together  a  solution  of  carbonate  of  ammonia  and  Inrdrochtorate  of  lime ; 
carbonate  of  lime  and  hydrochlorate  of  ammonia  will  be  formed. 

78.  The  knowledge  of  the  affinities  which  bodies  have  for  each 

other,  enables  us  to  separate  them  when  united,  or  to  perform  the 

process  of  decomposition.     Thus, 

In  a  solation  uf  nitrate  of  siiyer  (common  lunar  caustic)  place  a  piece  of 
poiisbed  copper;  it  will  soon  be  covered  with  metallic  silver.  The  solution 
will  have  been  decomposed,  and  the  silver  precipitated. 

79.  The  order  in  which  decompositions  take  place  has  been  ex- 
pressed in  tables,  of  which  the  following,  drawn  up  by  Geoffroy,  is 
an  example : — 

BULPHUBIC  ACID. 


Baryta, 

Strontia, 

Potassa, 

Soda, 

Lime, 

Ammonia, 

Magnesia. 

This  table  signifies,  first,  that  sulphuric  acid  has  an  affinity  for  the 
substances  placed  below  the  horizontal  line,  and  may  unite  separately 
with  each  ;  and,  secondly,  that  the  base  of  the  salts  so  formed  will  be 
separated  from  the  acid  by  adding  any  of  the  alkalies  or  earths  which 
stand  above  it  in  the  column.  Thus  ammonia  will  separate  magnesia, 
lime  ammonia,  and  potassa  lime ;  but  none  can  withdraw  baryta 
from  sulphuric  acid,  nor  can  ammonia  or  magnesia  decompose  sul- 
phate of  lime,  though  strontia  or  baryta  will  do  so.  Bergmnnn  con- 
ceived that  these  decompositions  are  solely  determined  by  chemical 
attraction,  and  that  consequently  the  order  of  decomposition  repre- 
sents the  comparative  forces  of  affinity ;  and  this  view,  from  the 
simple  and  natural  explanation  it  affords  of  the  phenomenon,  was  for 
a  time  very  generally  adopted.  But  it  does  not  necessarily  follow, 
because  lime  separates  ammonia  from  sulphuric  acid,  that  the  lime 
has  a  greater  attraction  for  the  acid  than  the  volatile  alkali.  Other 
causes  are  in  operation  which  modify  the  action  of  affinity  to  such  a 
degree,  that  it  is  impossible  to  discover  how  much  of  the  efiect  is 
owing  to  that  power. 

80.  BerthoUet  was  the  first  to  show  that  the  relative  forces  of 
chemical  attraction  cannot  always  be  determined  by  observing  the 
order  in  which  substances  separate  each  other  when  in  combination, 
and  that  the  tables  of  Geoffroy  are  merely  tables  of  decomposition, 
not  of  affinity.  He  likewise  traced  all  the  various  circumstances  that 
modify  the  action  of  affinity,  and  gave  a  consistent  explanation  of  the 
mode  in  which  they  operate.  He  denied  the  existence  of  elective 
affinity  as  an  invariable  force,  capable  of  effecting  the  perfect  separa- 
tion of  one  body  from  another ;  he  maintained  that  all  the  instances 
of  complete  decomposition  attributed  to  elective  affinity  are  in  real- 
ity determined  by  one  or  more  of  the  collateral  circumstances  that 
influence  its  operation.  But  here  this  acute  philosopher  went  too 
far.  Bergmann  erred  in  supposing  the  result  of  chemical  action  to 
be  in  every  case  owing  to  elective  affinity  ;  but  BerthoUet  ran  into 
the  opposite  extreme  in  declaring  that  the  effects  formerly  ascribed  to 
that  power  are  never  produced  by  it. 
Diagrams.      81.  The  chemical  changes  are  often  illustrated  by  diagrams, 


Objections 
to. 


Influence  of  Coheeion.  ^^ 

which  may  either  be  constracted  so  as  merely  to  show  the  result  of.  ^*^  °' 
the  change,  or  may  exhibit  the  composition  of  the  acting  bodies. 

The  addition  of  sulphate  of  soda  to  nitrate  of  baryta  (both  in  solution),  will  be  £zp- 
attended  with  the  formation  of  sulphate  of  baryta  and  nitrate  of  soda. 

The  following  diagram  exhibits  the  substances  before  mixture,  on 
parallel  lines ;  after  mixture,  by  diagonal  lines  :  , 

Nitric  Add.  Baryta. 


Solpharie  Add.  .  Soda. 

Or  a  more  complete  view  of  the  change  is  given  in  the  following 
diagram,  where  the  bodies  before  mixture  are  placed  upon  the  out- 
side of  the  perpendicular  lines ;  their  component  parts  are  shown 
within  them  ;  and  the  new  results  on  the  outside  of  the  horizontal 

lines.* 

Nitrate  of  Soda. 


Nitrate  of  Baryta. 


Nitric  Add.  Soda. 


Baryta.       Sulphuric  Add. 


Sulphate  of  Soda. 


Sul  phate  of  Baryta. 

82.  Chemical  affinity  is  influenced  by  various  extraneous  circum- Gircum- 
stances  and  forces.     Of  these  the  most  important  are,  cohesion,  elas-  J******  ***" 
ticity,  quantity  of  matter,  and  gravity.     To  these  may  be  added  the  affinity, 
agency  of  the  imponderables. 

S3.  The  first  obvious  effect  of  cohesion  is  to  oppose  affinity,  by  Cohesioo, 
impeding  or  preventing  that  mutual  penetration  and  close  proximity 
of  the  particles  of  different  bodies,  which  is  essential  to  the  success** 
ful  exercise  of  their  attraction.  For  this  reason,  bodies  seldom  act 
chemically  in  their  solid  state.  Liquidity,  on  the  contrary,  favours 
chemical  action  ;  it  permits  the  closest  possible  approximation,  while 
the  cohesive  power  is  comparatively  so  trifling  as  to  oppose  no  ap- 
preciable barrier  to  affinity. 

84.  Cohesion  may  be  diminished  in  two  ways,  by  mechanical  How  di- 
division,  or  by  the  application  of  heat.  The  former  is  useful  by  in-  n"""***^* 
creasing  the  extent  of  surface.  Heat  acts  with  greater  efiect,  and 
never  fails  in  promoting  combination,  whenever  the  cohesive  power 
is  a  barrier  to  it.  Its  intensity  should  always  be  so  regulated  as  to 
produce  ]iquefa(5lion.  The  fluidity  of  one  of  the  substances  fre- 
quently suffices  for  effecting  chemical  union,  as  is  proved  by  the 
facility  with  which  water  dissolves  many  salts  and  other  solid  bodies. 

The  reduction  of  both  substances  to  the  liquid  state  is  the  best  me- 

—     -    —   —  -  ■  ■  — " 

*  Various  methods  have  been  made  u^e  of  to  express  ehemicaJ  changes,  and  there- 
suits  of  chemica]  actions,  by  means  of  diainams,  for  which  the  student  may  consult 
Henry's  and  Rrande's  C/im.,  the  Medical  0iemiUry  of  Paris,  and  lire's  DieHonary, 
Art.  AUraction, 
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Chap.  L    thod  for  ensuring  chemical  action.     The  slight  degree  of  cohesion 
possessed  by  liquids  does  not  appear  to  cause  any  impediment  to  com- 
bination.    It  seems  fair  to  infer,  that  very  little,  if  any,  affinity  exists 
between  two  bodies  which  do  not  combine  when  they  are  intimately 
mixed  in  a  liquid  state. 
Agency  in       85.  The  phenomena  of  CTvstallization  are  owing  to  the  ascendancy 
ciystalliza.  ^f  cohesion  over  affinity.     When  a  large  quantity  of  salt  has  been 
'  dissolved  in  water  by  the  aid  of  heat,  part  of  the  saline  matter  gene- 

rally separates  as  the  solution  cools,  because  the  cohesive  power  of 
the  salt  then  becomes  comparatively  too  powerful  for  chemical  at- 
traction. Its  particles  begin  to  cohere  together  and  are  deposited  in 
crystals,  the  process  of  crystallization  continuing  till  it  is  arrested  by 
the  affinity  of  the  liquid.  A  similar  change  happens  whei^  a  solution 
made  in  the  cold  is  gradually  evaporated.  The  cohesion  of  the 
saline  particles  is  no  longer  counteracted  by  the  affinity  of  the  liquid, 
and  the  salt,  therefore,  assumes  the  solid  form. 
Aflbcti  re-  86.  Cohesion  plays  a  still  more  important  part.  It  sometimes  de- 
'°  ^'  termines  the  result  of  chemical  action,  probably  even  in  opposition  to 
affinity. 

Rrp.  Thus,  oo  mixing  together  a  solution  of  two  acids  and  one  alkali,  of  which  two 

salts  may  be  formed,  one  soluble,  and  the  other  insoluble,  the  alkali  will  unite 
with  that  acid  with  which  it  forms  the  insoluble  compound,  to  the  exclusion  of 
the  other.  This  is  one  of  the  modifvinff  circumstances  employed  by  Bertholiet 
to  account  for  the  phenomena  of  single  elective  attraction,  and  is  certainly  appli- 
cable to  many  of  the  instances  to  be  found  in  the  tables  of  affinity. 

lu  action        87.  To  comprehend  the  manner  in  which  cohesion  nets  in  some 
iar'ci^s!'    i^^st^nces,  it  is  necessary,  to  consider  what  takes  place  when  in  the 

same  liquid  two  or  more  compounds  are  brought  together,  which  do 

not  give  rise  to  an  insoluble  substance. 

Ryp.  Thus  on  mixing  solutions  of  sulphate  of  potassa  and  nitrate  of  soda,  no  precipi- 

tate ensues ;  becauM  the  salts,  capable  of  being  formed  by  double  decomposition, 
sulphate  of  soda  and  nitrate  of  potassa,  are  lixewise  soluble.  In  this  case  it  is 
possible  either  that  each  acid  may  be  confined  to  one  base,  so  as  to  constitute  two 
neutral  salts :  or  that  each  acid  may  be  divided  between  both  bases,  yielding 
four  neutral  salts.  It  is  difficult  to  decide  this  point  in  an  unequivocal  manner : 
but  judging  from  many  chemical  phenomena,  it  is  probable  that  the  arrangement 
last  mentioned  is  the  most  frequent,  and  is  probably  universal  whenever  the  rela- 
tive forces  of  affinity  are  not  very  unequal.  When  two  acids  and  two  bases  meet 
to|^ether  in  neutralizing  proportion,  it  may,  therefore,  be  inferred,  that  each  acid 
unites  with  both  the  bases  m  a  manner  regulated  by  their  respective  forces  of 
affinity,  and  that  four  salts  are  contained  in  solution.  In  like  manner  the  pre- 
sence of  three  acids  and  three  bases  will  give  rise  to  nine  salts ;  and  when  four 
of  each  are  present,  sixteen  salts  will  be  produced.  This  view  afibrds  the  most 
plausible  theory  of  the  constitution  of  mineral  waters,  and  of  the  products  which 
they  yield  by  evaporation.    T. 

Influence  of  88.  The  influence  of  insolubility  in  determining  the  result  of  che- 
insolnbil-  mJcal  action  may  be  readily  explained  on  this  principle.  If  nitric 
acid,  sulphuric  acid,  and  baryta,  are  mixed  together  in  solution,  the 
base  may  be  conceived  to  be  at  first  divided  between  the  two  acids, 
and  nitrate  and  sulphate  of  baryta  to  be  generated.  The  latter  being 
insoluble  is  instantly  removed  beyond  the  influence  of  the  nitric  acid, 
so  that  for  an  instant  nitrate  of  baryta  and  free  sulphuric  acid  remain 
in  the  liquid  ;  but  as  the  base  left  in  solution  is  again  divided  between 
the  two  acids,  a  fresh  quantity  of  the  insoluble  sulphate  is  generated; 
and  this  process  of  partition  continues,  until  either  the  baryta  or  the 
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sulphuric  acid  is  withdrawn  from  the  solution.     Similar  changes  en*    fcet.  n. 
sue  when  nitrate  of  baryta  and  sulphate  of  soda  are  mixed> 

89.  The  efflorescence  of  a  salt  is  sometimes  attended  with  a  simi-  of  efflores- 
lar  result.     If  carbonate  of  soda  and  chloride  of  calcium  are  mingled  cenoe, 
together  in  solution,  the  insoluble  carbonate  of  lime  subsides.     But  if 
carbonate  of  lime  and  sea-salt  are  mixed  in  the  solid  state,  and  a 
certain  degree  of  moisture  is  present,  carbonate  of  soda  and  chloride 

of  calcium  are  slowly  generated  ,  and  since  the  former,  as  soon  as 
it  is  formed,  separates  itself  from  the  mixture  by  efflorescence,  its 
production  continues  progressively.  The  efflorescence  of  carbonate 
of  soda,  which  is  sometimes  seen  on  old  walls,  or  which  in  some 
countries  is  found  on  the  soil,  appears  to  have  originated  in  this 
manner. 

90.  From  the  obstacle  which  cohesion  puts  in  the  way  of  affinity,  of  elaitio- 
the  gaseous  state,  in  which  the  cohesive  power  is  wholly  wanting,  ity, 
might  be  expected  to  be  peculiarly  favourable  to  chemical  action. 

The  reverse,  however,  is  the  fact.  Bodies  evince  little  disposition  to 
unite  when  presented  to  each  other  in  the  elastic  form.  Combina- 
tion does  indeed  sometimes  take  place  in  consequence  of  a  very 
energetic  attraction ;  but  examples  of  an  opposite  kind  are  much 
more  common.  This  want  of  action  seems  to  arise  from  the  distance 
between  the  particles  preventing  that  close  approximation  which  is 
80  necessary  to  the  successful  exercise  of  affinity.  Hence  many 
gases  cannot  be  made  to  unite  directly,  which  nevertheless  combine 
readily  while  in  their  nascent  state  ;  that  is  while  in  the  act  of  as- 
suming the  gaseous  fonn  by  the  decomposition  of  some  of  their  solid 
.or  fluid  combinations. 
.  Elasticity  operates  likewise  as  a  decomposing  agent.  If  two  gases, 
the  reciprocal  attraction^f  which  is  feeble,  suffer  considerable  con- 
densation when  they  unite,  the  compound  will  be  decomposed  by 
▼ery  slight  causes.  Chloride  of  nitrogen  affords  an  apt  illustration 
of  this  principle,  being  distinguished  for  its  remarkable  facility  of 
decomposition. 

91.  Many  familiar  phenomena  of  decomposition  are  owing  to  Of  heat, 
elasticity.     All  compounds  that  contain  a  volatile  and  a  fixed  prin- 
ciple, are  liable  to  be  decomposed  by  a  high  temperature.     The  ex- 
pansion occasioned  by  heat  removes  the  elements  of  the  compound 

to  a  greater  distance  from  each  other,  and^  thus  by  diminishing  the 
force  of  chemical  attraction,  favours  the  tendency  of  the  volatile  prin- 
ciple to  assume  the  form  which  is  natural  to  it.  The  evaporation  of 
water  from  a  solution  of  salt  is  an  instance  of  this  kind. 

*■  The  septtration  of  salts  by  crystallization,  from  mineral  waters  or  other  saline  mix- 
tures, is  explicable  by  a  similar  mode  of  reasoning.  Thus  nn  mixing  nitrate  of  potassa 
and  sulphate  of  soda,  four  salts,  according  to  this  view,  are  generated,  namely,  the 
sulphates  of  soda  and  potassa.  and  the  nitrates  of  those  bases ;  and  if  the  solution  be 
allowed  to  evaporate  gradually,  a  point  at  length  arrives  when  the  least  soluble  of 
these  salts,  the  sulphate  of  potassa,  will  be  disposed  to  crystallize.  As  soon  as 
some  of  its  crystals  are  deposited,  and  thus  withdrawn  from  the  influence  of  the  other 
salts,  the  constituents  of  these  undergo  a  new  arrangement,  whereby  an  additional 
quantity  of  sulphate  of  potassa  is  generated :  and  tnis  process  continues  until  the 
greater  part  of  the  sulphuric  add  and  potassa  nas  combined,  and  the  compound  is  re- 
moved by  crystallization.  If  the  difference  in  solubility  is  considerable,  the  separa- 
tion of  salts  may  be  often  rendered  very  complete  by  this  method.    T. 
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c»»p»  t-        Many  solid  sabstances,  which  contain  water  in  a  state  of  intimate 
combination,  part  with  it  in  a  strong  heat  in  consequence  of  the 
volatile  nature  of  that  liquid.     The  separation  of  oxygen  from  some 
metals,  by  heat  alone»  is  explicable  on  the  same  principle. 
Heat  may       ^'  ^^  appears  that  the  influence  of  heat  over  affinity  is  variable  ; 
favoar  or    for  at  one  time  it  promotes  chemical  union,  and  opposes  it  at  another. 
aff*T       ^**  action,  however,  is  always  consistent.     Whenever  the  cohesive 
power  is  an  obstacle  to  combination,  heat  favours  affinity  either  by 
diminishing  the  cohesion  of  a  solid,  or  by  converting  it  into  a  liquid. 
As  the  cause  of  the  gaseous  state,  on  the  contrary,  it  keeps  at  a  dis- 
tance particles   which  would  otherwise  unite ;    or,  by  producing 
expansion,  it  tends  to  separate  from  one  another  substances  which 
are  already  combined. 
Inflaenceof     93.  Some  of  the  decompositions,  which  were  attributed  by  Berg- 
oiMUcom-  "^*"°  ^^  '^®  ^0^®  influence  of  elective  affinity,  may  be  ascribed  to 
positiooB,   elasticity.     If  three  substances  are  mixed  together,  two  of  which  can 
form  a  compound  which  is  less  volatile  than  the  third  body,  the  last 
will,  in  general,  be  completely  driven  off  by  the  application  of  heat. 
The  decomposition  of  the  salts  of  ammonia  by  the  pure  alkalies  or 
alkaline  earths,  may  be  adduced  as  an  example. 
On  results       ^^*  "^^^  influence  of  elasticity  in  determining  the  result  of  che- 
of  chemical  mical  action  in  these  instances,  seems  owing  to  the  same  cause 
action,        which  enables  insolubility  to  be  productive  of  similar  effects.     Thus, 
on  mixing  hydrochiorate  of  ammonia  with  lime,  the  acid  is  divided 
between  the  two  bases;  some  ammonia  becomes  free,  which,  in 
consequence  of  its  elasticity,  is  entirely  expelled  by  a  gentle  heat. 
The  acid  of  the  remaining  hydrochiorate  of  ammonia  is  again  divided 
between  the  two  bases ;  and  if  a  sufficient  quantity  of  lime  is  pre- 
sent, the  ammoniacal  salt  will  be  completely  decomposed. 

95.  The  influence  of  quantity  of  matter  over  affinity,  is  univer- 
Of  quantity  sally  admitted.  If  one  body  a  unites  with  another  body  B  in  several 
of  matter,  proportions,  that  compound  will  be  most  difficult  of  decomposition 

which  contains  the  smallest  quantity  of  b.  Of  the  three  oxides  of 
lead,  for  instance,  the  peroxide  parts  most  easily  with  its  oxygen 
by  the  action  of  heat;  a  higher  temperature  is  required  to  decom- 
pose the  red  oxide ;  and  the  protoxide  will  bear  the  strongest  heat 
of  our  furnaces  without  losing  a  particle  of  its  oxygen. 

96.  The  influence  of  quantity  over  chemical  attraction,  may  be 
lample.    f^^^^er  illustrated  by  iRe   phenomena  of  solution.      When   equal 

weights  of  a  soluble  salt  are  added  in  succession  to  a  given  quantity 
of  water,  which  is  capable  of  dissolving  almost  the  whole  of  the  salt 
employed,  the  first  portion  of  the  salt  will  disappear  more  readily 
than  the  second,  the  second  than  the  third,  the  third  than  the  fourth, 
and  so  on.  The  affinity  of  the  water  for  the  saline  substance,  dimi- 
nishes with  each  addition,  till  at  last  it  is  weakened  to  such  a  degree 
as  10  be  unable  to  overcome  the  cohesion  of  the  salt.  The  process 
then  ceases,  and  a  saturated  solution  is  obtained.^ 

*  Quantity  of  matter  is  employed  advantageously  in  many  chemical  operations.  If, 
for  instance,  a  chemist  is  desirous  of  separating  an  acid  from  a  metallic  oxide  by 
means  of  the  superior  affinity  of  potassa  for  the  former,  be  frequently  uses  rather 
more  of  the  alkali  than  is  sufficient  for  neutralizing  the  acid.  He  takes  the  precau- 
tion of  employing  an  excess  of  alkali,  in  order  the  more  effectually  to  bring  every 
'  particle  of  the  substanee  to  be  decomposed  in  contact  with  the  decomposing  agent. 
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97.  But  Berthollet  attributed  a  much  greater  influence  to  quanti-    Sect,  n. 
ty  of  matter.     It  was  the  basis  of  his  doctrine,  developed  in  the  Berthollet's 
Statique  Chimique,  that  bodies  cannot  be  wholly  separated   from  ▼i^^** 
each  other  by  the  affinity  of  a  third  substance  for  one  element  of  a 
compound  ;  and  to  explain  why  a  superior  chemical  attraction  does 

not  produce  the  effect  which  might  be  expected  from  it,  he  contend- 
ed that  quantity  of  matter  compensates  for  a  weaker  affinity. 

Berthollet  confounded  two  things,  namely,  force  of  attraction  and 
neutralizing  power,  which  are  really  difiprent,  and  ought  to  be  held 
distinct.  M.  Dulong  has  also  found  that  the  principle  of  Berthollet 
is  not  in  accord  with  the  results  of  experiment,     t.  133. 

98.  The  influence   of  gravity  is  perceptible  when  it  is  wished  to  inflaonoe 
make  two  substances  unite,  the  densities  of  which  are  diflerent.     In  of  g^^ty, 
a  case  of  simple  solution,  a  larger  quantity  of  saline  matter  is  found 

at  the  bottom  than  at  the  top  of  the  liquid,  unless  the  solution  shall 
have  been  well  mixed  subsequently  to  its  formation.  In  making  an 
alloy  of  two  metals,  which  differ  from  one  another  in  density,  a 
larger  quantity  of  the  heavier  metal  will  be  found  at  the  lower  than 
in  the  upper  part  of  the  compound  ;  unless  great  care  be  taken  to 
counteract  the  tendency  of  gravity  by  agitation.  This  force  obvious- 
ly acts,  lik«  the  cohesive  power,  in  preventing  a  sufficient  degree  of 
approximation. 

99.  Pressure  has  an  important  influence  upon  chemical  action.     It  of  pres- 
appears  to  operate  both  by  bringing  the  particles  into  closer  contact,  lare, 
and  by  inducing  elevation  of  temperature.     As  when  chlorate  of  po- 
tassa  and  phosphorus  are  ignited  by  percussion. 

100.  The  chemical  agency  of  galvanism,  and  the  effects  of  light  and  of  impon- 
electricity,  will  be  most  conveniently  stated  in   other  parts   of  thederablea. 
work.     T.  128. 

101.  As  the  order  of  decomposition  is  not  always  a  satisfactory  Measure  of 
measure  of  the  force  of  affinity,  when  no  disturbing  causes  operate,  affinity, 
the  phenomena  of  decomposition  afford  a  sure  criterion  ;  but  when 

the  conclusions  obtained  in  this  way  are  doubtful,  assistance  may 
be  derived  from  other  sources.  The  surest  indications  are  procured 
by  observing  the  tendency  of  different  substances  to  unite  witR  the 
same  principle,  under  the  same  circumstances,  and  subsequently  by 
marking  the  comparative  facility  of  decomposition  by  the  same  de- 
composing agent.  Thus,  on  exposing  silver,  lead,  and  iron,  to  air 
and  moisture,  the  iron  soon  rusts,  the  lead  is  oxidized  in  a  slight  de- 
gree only,  and  the  silver  resists  oxidation  altogether.  It  is  hence 
inferred  that  iron  has  the  greatest  affinity  for  oxygen,  lead  next,  and 
silver  the  least.  It  is  inferred  from  the  action  of  heat  on  the  carbo- 
nate of  potassa,  baryta,  Hme,  and  oxide  of  lead,  that  potassa  has  a 
stronger  attraction  for  carbonic  acid  than  baryta,  baryta  than  lime, 
and  lime  than  oxide  of  lead. 

102.  Of  all  chemical  substances,  our  knowledge  of  the  relative  de-  Of  acids 
grees  of  attraction   of  acids  and  alkalies  for  each  other  is  the  most  ^^  ***^*" 
uncertain.     Their  action  on  one  another  is  affected  by  so  many  cir- 
cumstances, that  it  is  in  most  cases  impossible,  with  certainty,  to  re- 
fer any  effect  to  its  real  cause,     t. 

•    103.  Substances  which  unite  chemically  have  been  found  to  do  so  Subftances 
in  certain  proportions.     In  some  cases  they  are  united  in  a  great  ""*'•'" 
many  proportions, in  others  only  in  a  few.    In  a  few  instances  combi-^^on^ 
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ChaP'  I'    nation  takes  place  unliniitedly  in  all  proportions ;  in  others  it  occurs 
Unlimited,  in  every  proportion  within  a  certain  limit.     The  union  of  water  with 
alcohol  and  the  liquid  acids,  such  as  the  sulphuric,  hydrochloric,  and 
nitric  acids,  affords  instances  of  the  first  mode  of  combination ;  the 
solutions  of  salts  in  water  are  examples  of  the  second.     One  drop 
of  sulphuric  acid  may  be  diffused  through  a  gallon  of  water,  or  a  drop 
of  water  through  a  gallon  of  the  acid ;  or  they  may  be  mixed  to- 
gether in  any  intermediate  proportions ;  and  in  each  case  they  ap- 
pear to  unite  perfectly  with  each  other.     A  hundred  grains  of  water, 
Limited,     on  the  contrary,  wtll  dissolve  any  quantity  of  sea-salt  which   does 
not  exceed  forty  grains.     Its  solvent  power  then  ceases,  because  the 
cohesion   of  the  solid  becomes  comparatively  too  powerful  for  the 
force  of  affinity.     The  limit  to  combination  is  in  such  instances  ow- 
ing to  the  cohesive  power ;  and  but  for  the  obstacle  which  it  occa- 
sions, the  salt  would  most  probably  unite  with  water  in  every  pro- 
portion. 
Character       ^^^'  -^^l  the  substances  that  unite  in  many  proportions,  give  rise  to 
of  com-     compounds  which  have  this  common  character,  that  their  elements 
pounds  of   are  united  by  a  feeble  affinity,  and  preserve,  when  combined,  more 
po^oS^  or  less  of  the  properties  which  they  possess  in  a  separate  state. 

105.  The  most  interesting  series  of  compounds  is  produced  by  sub- 
Of  few.  stances  which  unite  in  a  few  proportions  only  ;  and  which,  in  com- 
bining, lose  more  or  less  completely  the  properties  that  distinguish 
them  when  separate.  Of  these  bodies,  some  form  but  one  combi- 
nation. Others  combine  in  two  proportions.  Others  again  unite  in 
three,  four,  five,  or  even  six  proportions,  which  is  the  greatest  num- 
ber of  compounds  that  any  two  substances  are  known  to  produce, 
except  perhaps  carbon  and  hydrogen,  and  those  which  belong  to  the 
first  division. 
1^^,.  106.  The  combination  of  substances  that  unite  in  a  few  propor- 

tions only,  is  regulated  by  the  three  following  remarkable  laws : — 
Firat  law.  !•  The  first  law  is,  that  the  composition  of  bodies  is  fixed  and 
invariable.  A  compound  substance,  so  long  as  it  retains  its  charac- 
teristic properties,  always  consists  of  the  same  elements  united  to- 
gether in  the  same  proportion.  Water  is  formed  of  1  part*  of  hy- 
drogen and  8  of  oxygen  ;  and  were  these  two  elements  to  unite  in 
any  other  proportion,  some  new  compound,  difierent  from  water, 
would  be  the  product.  The  same  observation  applies  to  all  other 
silbstances,  however  complicated,  and  at  whatever  period  they  were 
produced.  This  law  is  universal  and  permanent.  Its  importance  is 
equally  manifest :  it  is  the  essential  basis  of  chemistry. 
Howac-  ^^*^'  '^^^  views  have  been  proposed  byway  of  accounting  for  this 

counted  for.  law.  The  explanation  now  universally  given,  is  confined  to  a  mere 
statement,  that  substances  are  disposed  to  combine  in  those  propor- 
tions to  which  they  are  so  strictly  limited,  in  preference  to  any  oth- 
ers ;  it  is  regarded  as  an  ultimate  fact,  because  the  phenomena  are 
explicable  on  no  other  known  principle. 

The  tendency  of  bodies  to  unite  in  definite  proportions  only,  is  so 
great  as  to  excite  a  suspicion  that  all  substances  combine  in  this 
way ;  and  that  the  exceptions  thought  to  be  aflTorded  by  the  pheno- 
mena of  solution,  are  rather  apparent  than  real. 

*  By  the  ezpreition  "  parts"  is  meant  parts  by  weight. 
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108L  The  secood  law  of  combination  is,  that  the  relative  quanti-    Sect,  n. 
ties  in  which  bodies  unite  may  be  expressed  by  proportional  num-  Second 
bers.     Thus,  8  parts  of  oxygen  unite  with  1  part  of  hydrogen,  16.1  !»▼• 
of  sulphur,  35.^  of  chlorine,  39.6  of  selenium,  and  108  parts  of 
silver.     Such  are  tbe  quantities  of  these  five  bodies  which  are  dis- 
posed to  unite  with  8  parts  of  oxygen ;  and  it  is  found  that  when 
they  combine  with  one  another,  they  unite  either  in  the  proportions 
expressed  by  those  numbers,  or  in  multiples  of  them  according  to 
the  third  law  of  combination.  ^  , 

109.  From  the  occurrence  of  such  proportional  numbers  has  aris-  Eqaiti- 
en  the  use  of  certain  terms,  as  Proportion,  Camhimng  Proportion^  ^•"''■i  *«. 
Proportional,  and  Chemical  Equivalent,  or  Equivalent,  to  express 

them.  The  latter  term,  introduced  by  Wollaston,  was  suggested  by 
the  circumstance  that  the  combining  proportion  of  one  body  is, 
as  it  were,  equivalent  to  that  of  another  body,  and  may  be  sulatitu- 
ted  for  it  in  combination.  _    . 

110.  This  law  does  not  apply  to  elementary  substances  only,  since  i^u^f 
compound  bodies  have  their  combining  proportions  or  equivalents,  compounds, 
which  may  likewise  be  expressed  in  numbers.     Thus,  since  water  is 
composed  of  one  equivalent  or  8  parts  of  oxygen,  and  one  equiva- 
lent or  1  of  Lydrogen,  its  combining  proportion  or  equivalent  is  9. 

The  equivalent  of  sulphuric  acid  is  40.1,  because  it  is  a  compound 
of  one  equivalent  or  16.1  parts  of  sulphur,  and  three  equivalents  or 
24  parts  of  oxygen.  The  equivalent  number  of  potassium  is  39.15, 
and  as  that  quantity  combines  with  8  of  oxygen  to  form  potassa, 
the  equivalent  of  the  latter  is  39.16+8=47.15.  Now  when  these 
compounds  unite,  one  equivalent  of  the  one  combines  with  one,  two, 
three,  or  more  equivalents  of  the  other,  precisely  as  the  simple  sub- 
stances do.  The  equivalent  of  sulphate  of  potassa  will  therefore  be 
40.1+47.15=87.25. 

111.  The  composition  of  the  salts  affords  a  very  instructive  illus- Examplat. 
tration  of  this  subject ;  and  to  exemplify  it  still  further,  a  list  of  the 
equivalents  of  a  few  acids  and  alkaline  bases  is  annexed : — 

Lithia  14.44 

Magnesia  20.7 

Lime  28.5 

Soda  31.3 

Potassa  47.16 

Strontia  51.8 

Baryta  76.7 

It  will  be  seen  at  a  glance  that  the  neutralizing  power  of  the  dif- 
ferent alkalies  is  very  difierent ;  for  the  equivalent  of  each  base  ex- 
presses the  quantity  required  to  neutralize  an  equivalent  of  each  of 
the  acids.  Thus  14.44  of  lithia,  31.3  of  soda,  and  76.7  of  baryta, 
combine  with  54.15  of  nitric  acid,  forming  the  neutral  nitrates  of 
lithia,  soda,  and  baryta.  The  same  fact  is  obvious  with  respect  to 
the  acids ;  for  71.4  of  phosphoric,  40.1  of  sulphuric,  and  115.4  of 
arsenic  acid  unite  with  76.7  of  baryta,  forming  a  neutral  phosphate, 
sulphate,  and  arseniate  of  baryta. 

112.  These  circumstances  afford  a  ready  explanation  of  a  curious  i^eatfal 
fact,  first  noticed  by  the  Saxon  chemist  Wenzel ;  namely,  that  when  oomponnds. 
twp  neutral  salts  mutually  decompose  each  other,  the  resulting  com- 

founds  are  likewise  neutral.     The  cause  of  this  fact  is  now  obvious, 
f  71.4  parts  of  neutral  sulphate  of  soda  are  mixed  with  130.85  of 

4 


Hydrofluoric  acid 
Phosphoric  acid 

19.68 

71.4 

Hydrochloric  acid 

36.42 

Sulphuric  acid 

40.1 

Nitric  acid 

54.15 

Arsenic  acid 

115.4 

Selenic  acid 

63.6 
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Chap.  I-  nitrate  of  baryta,  the  76.7  parts  of  baryta  unite  with  40.1  of  sulphuric 
acid,  and  the  54.15  parts  of  nitric  acid  of  the  nitrate  combine  with 
the  31.3  of  soda  ot  the  sulphate,  not  a  particle  of  acid  or  alkali  re- 
maining in  an  uncombined  condition. 


Third  law. 


Ratios. 


Whole 
oombera. 


SuJpfuUe  of  Soda, 
Sulphuric  acid 
Soda 


40.1 
31.3 

71.4 


Nitrate  qf  Barifta. 
54.15  Nitric  acid, 
76.7    Baryta, 

130.85 


It  matters  not  whether  more  or  less  than  71.4  parts  of  sulphate 
of  soda  are  added ;  for  if  more,  a  small  quantity  of  sulphate  of  so- 
da will  remain  in  solution  ;  if  less,  nitrate  of  baryta  will  be  in  ex- 
cess ;  but  in  either  case  the  neutrality  will  be  unaffected. 

113.  The  third  law  of  combination  is,  that  when  one  body  a 
unites  with  another  body  b  in  two  or  more  proportions,  the  quanti- 
ties of  the  latter,  united  with  the  same  quantity  of  the  former,  bear 
to  each  other  a  very  simple  ratio.  The  progress  of  chemical  re- 
search, in  discovering  new  compounds  and  ascertaining  their  exact 
composition,  has  shown  that  these  ratios  of  b  may  be  represented 
by  one  or  other  of  the  two  following  series : — 

1st  Series,     a  unites  with  1,  2,  3,  4,  5,  &;c.  of  b. 
2d  Series,     a  unites  with  1,  li,  2,  2^,  &c.  of  b. 

The  first  series  is  exemplified  by  the  subjoined  compounds  : 

Water  is  composed  of           .            Hydrogen  1 

Binozide  of  hydrogen                          Do.  1 

Carbonic  oxide        .                        Carbon  6.12 

Carbonic  acid                       .                Do.  6.12 

Nitrous  oxide                                   Nitrogen  14.15 

Do.  14.15 

Do.  14.15 

Do.  14.15 

Do.  14.15 


Nitric  oxide 
Hyponitrous  acid 


Nitrous  acid 
Nitric  acid 


Oxygen  8  >  I 
Do.   16  $2 


Halfeqoi? 
alents. 


It  is  obvious  that  in  all  these  compounds  the  ratios  of  the  oxygen 
are  expressed  by  whole  numbers.  In  water  the  hydrogen  is  com- 
bined with  half  as  much  oxygen  as  in  the  binoxide  of  hydrogen,  so 
that  the  ratio  is  as  1  to  2.  The  same  relation  holds  in  carbonic 
oxide  and  carbonic  acid.  The  oxygen  in  the  compounds  of  nitro- 
gen and  oxygen  is  in  the  ratio  of  1,  2,  3,  4,  and  5.  In  like  manner 
the  ratio  of  sulphur  in  the  two  sulphurets  of  mercury,  and  that  of 
chlorine  in  the  two  chlorides  of  mercury,  is  as  1  to  2.  So,  in  bicar- 
bonate of  potassa,  the  alkali  is  united  with  twice  as  much  carbonic 
add  as  in  the  carbonate  ;  and  the  acid  of  the  three  oxalates  of  po- 
tassa is  in  the  ratio  of  1,  2,  and  4. 

The  following  compounds  exemplify  the  second  series : — 

8^1 


Protoxide  of  iron 
Sesquioxide  or  Peroxide 
Protoxide  of  manganese 
Sesquioxide* 
Binoxide 
Arsenious  acid 
Arsenic  acid 
Hypophosphorous  acid 
Pnosphorous  acid 
Phosphoric  acid 


consists  of  Iron  28 

Do.  28  Do. 

Manganese  27.7  Do. 

.      Do.  27.7  Do.  12Sli 

Do.  27.7  Do.  16  S  2 

Arsenic  37.7  Do.  12  7  U 

.      Do.  37.7  Do.  20  (2i 

Phosphorus  15.7  Do.  4/2 

Do.  15.7  Do.  12S14 

Do.  15.7  Do.  20S2i 


*  The  Latin  setquit  one  and  a  half,  is  used  when  the  elements  of  an  oxide,  chloride, 
&c.,  are  as  1  to  1]^  or  as  2  to  3. 
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Both  of  these  series,  which  together  constitute  the  third  law  of  Secu  n. 
combination,  result  naturally  from  the  operation  of  the  second  law. 
The  first  series  arises  from  one  equivalent  of  a  body  uniting  with 
1,  2,  3,  or  more  equivalents  of  another  body.     The  second  series  is 
a  consequence  of  two  equivalents  of  one  substance  combining  with 
3,  5,  or  more  equivalents  of  another.     Thus  if  two  equivalents  of 
phosphorus  unite  both  with  3  and  with  5  equivalents  of  oxygen,  we 
obtain  the  ratio  of  li  to  2i  ;  and  should  one  equivalent  of  iron  com- 
bine with  one  of  oxygen,  and  another  compound  be  formed   of  two 
equivalents  of  iron  to  three  of  oxygen,  then  the  oxygen  united  with 
the  same  weight  of.iron  would  have  the  ratio,  as  in  the  table,  of  1 
to  14.     Still  more  complex  arrangements  will  be  readily  conceived,  More  corn- 
such  as  3  equivalents  of  one  suostance  to  4,  5,  or  more  of  another,  plez 
But  it  is  remarkable  that  combinations  of  the  kind  are  very  rare  ;  ^^Jf*' 
and  even  their  existence,  though  theoretically  possible,  has  not  been 
decidedly  established.* 

114.  The  utility  of  being  acquainted  with  these  important  laws  is  Advanta- 
almost  too  manifest  to  require  mention  Through  their  aid,  and  by  g®"*'^^*'®** 
remembering  the  equivalents  of  a  few  elementary  substances,  the 
composition  of  an  extensive  range  of  compound  bodies  may  be  cal- 
culated with  facility.  Thus,  by  knowing  that  6.12  is  the  equivalent 
of  carbon  and  8  of  oxygen,  it  is  easy  to  recollect  the  composition  of 
carbonic  oxide  and  carbonic  acid;  the  first  consisting  of  6.12  parts 
of  carbon  +  8  of  oxygen,  and  the  second  of  6.12  carbon  -f-  16  of 
oxygen.  The  equivalent  of  potassium  is  39.15;  and  potassa,  its 
protoxide,  is  composed  of  39.15  of  potassium  -f*  3  of  oxygen.  From 
these  few  data,  we  know  at  once  the  composition  of  carbonate  and 
bicarbonate  of  potassa;  the  former  being  composed  of  22.12  parts 
of  carbonic  acid  +  47.15  potassa,  and  the  latter  of  44.24  carbonic 
acid  -f*  47.15  potassa.  This  method  acts  as  an  artificial  memory, 
the  advantage  of  which,  compared  with  the  common  practice  of 
stating  the  composition  in  100  parts,  will  be  manifest  by  inspecting 
the  following  quantities,  and  attempting  to  recollect  them. 

Carbonic  Oxide.  Carbonic  Add. 

Carbon  42.86  ....  27.27 

Oxygen  57.14  ....         72.73 

Carbomde  of  Potassa.  Bicarbanate  qf  Potassa. 

Carbonic  acid    31.43  ,         .  47.83 

Potana  68.57  ....  52.17 

From  the  same  data,  calculations,  which  would  otherwise  be  diffi- 
cult or  tedious,  may  be  made  rapidly  and  with  ease,  without  refer- 


*  The  merit  of  establiahing  the  first  law  of  combination  ecems  iustly  due  to  Wen- 
zel,  a  Saxon  chemiit ;  and  the  second  lav  is  also  dedacible  from  nis  experiments  on 
the  composition  of  the  salts.  His  work,  entitled  Lehre  der  VertDandischqft,  was  pub- 
lished in  1777.  The  late  Mr  Hiegins,  also,  in  1789,  speculated  on  the  atomic  consti- 
tntion  of  compound  bodies ;  but  it  is  to  Palton*  that  we  are  indebted  for  a  theory  of 
chemical  union,  embracing  the  whole  science,  and  eiving  it  a  consistencr  and  form 
which  before  his  time  it  had  never  possessed.  Of  all  who  have  successfully  laboured 
in  establishing  the  laws  of  combination,  the  most  splendid  contribution  is  that  of  the 
oelebmted  Berzelios, 

*  New  SifsUm,  of  Chcm.  Philos.  1808. 
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Chap.  I.  cBce  to  books,  and  frequently  by  a  simple  mental  process.  The  ex- 
Uteti  act  quantities  of  substances  required  to  produce  a  given  effect  may 
be  determined  with  certainty,  thus  afibrding  information  which  it 
often  necessary  to  the  success  of  chemical  processes,  and  of  great 
consequence  both  in  the  practice  of  the  chemical  arts,  and  in  the 
operations  of  pharmacy. 
In  analysis.  115,  The  same  knowledge  affords  a  good  test  to  the  analyst  by 
which  he  may  judge  of  the  accuracy  t)f  his  result,  and  even  some* 
times  correct  an  analysis  which  he  has  not  the  means  of  performing 
with  rigid  precision.  Thus  a  powerful  argument  for  the  accuracy 
of  an  analysis  is  derived  from  the  correspondence  of  its  result  with 
the  laws  of  chemical  union.  On  the  contrary,  if  it  form  an  excep- 
tion to  them,  we  are  authorized  to  regard  it  as  doubtful ;  and  may 
hence  be  led  to  detect  an  error,  the  existence  of  which  might  not 
otherwise  have  been  suspected.  If  an  oxidized  body  be  found  to 
contain  one  equivalent  of  the  combustible  with  7.99  of  oxygen,  it  is 
fair  to  infer  that  8,  or  one  equivalent  of  oxygen,  would  have  been 
the  result,  had  the  analysis  been  perfect. 

The  composition  of  a  substance  may  sometiibes  be  determined  by 
a  calculation,  founded  on  the  laws   of  chemical  union,  before  an 
analysis  of  it  has  been  accomplished. 
Numbers         ^  ^^*  '^^^  method  of  determining  equivalent  numbers  will  be  an- 
how  deter-  ticipated  from  what  has  already  been  said.     The  commencement  is 
mined.       made  by  carefully  analyzing  a  definite  compound  of  two  simple  sub- 
stances which  possess  an  extensive  range  of  affinity.     Thus  water, 
a  compound  of  oxygen  and  hydrogen,  is  found  to  contain  8  parts  of 
the  former  to  1  of  the  latter ;  and  if  it  be  assumed  that  water  con- 
sists of  one  equivalent  of  oxygen  and  one  of  hydrogen,  the  relative 
weights  of  these  equivalents  will  be  as  8  to  1.     The  chemist  then 
selects  for  analysis  such  compounds  as  he  believes  to  contain  one 
equivalent  of  each  element,  in  which  either  oxygen  or  hydrogen, 
but  not  both,  is  present.     Carbonic  oxide  and  hydrosulphuric  acid 
are  suited  to  his  purpose :  as   the  former  consists  of  8  parts   of 
oxygen  and  6.12  of  carbon,  and  the  latter  of  1  part  of  hydrogen  and 
16.1  of  sulphur,  the  equivalent  of  carbon  is  inferred  to  be  6.21,  and 
that  of  sulphur   16.1.     The  equivalents  of  all  the  other  elements 
may  be  determined  in  a  similar  manner.^ 
Essential        117.  Since  the  equivalents  merely  express  the  relative  quantities 
P^^-         of  different  substances  which  combine  together,  it  is  in  itself  imma- 
terial what  figures  are  employed  to  express  them.     The  only  essen- 

*  In  researches  on  chemical  equivalents  there  are  two  kinds  of  difficultv,  one  in- 
voWed  in  the  processes  for  ascertaining  the  exact  composition  of  compounds,  and  the 
other  in  the  selection  of  the  compounds  which  contain  sin^e  equiTalents.  Impor- 
tant general  precautions  in  the  experimental  part  of  the  subject  are  the  followinff : — 
1,  to  exert  scrupulous  care  about  the  purity  of  materials ;  2,  to  select  methods  which 
consist  of  a  few  simple  operations  only ;  3,  to  repeat  experiments,  and  with  mate- 
rials prepared  at  different  times;  4,  to  arrive  at  the  same  conclusion  by  two  or  more 
processes  independent  of  each  other.  In  the  selection  of  compounds  of  single  equiv- 
alents, there  are  several  circumstances  calculated  to  direct  the  judgment ;  for  wnidi 
see  Turner's  EUmerUa  qf  Ckemiatry,  p.  139.  The  resdy  decomposition  by  galvan- 
ism, observed  by  Fsrsday,  of  compounds  which  consist  of  single  equivalents,  and 
the  resistance  to  the  same  agent  of  many  others  not  so  constituted,  promises  to  be- 
come an  indication  of  great  valne  in  determining  equivalent  numbers. 
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tial  point  is,  that  the  relation  should  he  strictly  ohserved.  Thus,  g^ct-  n. 
the  equivalent  of  hydrogen  may  he  assumed  as  10;  hut  then 
oxygen  must  he  80,  carhon  61.2  and  sulphur  16.1.  We  may  call  hy- 
drogen 100  or  1000 ;  or,  if  it  were  desirahle  to  perplex  the  suhject  as 
much  as  possihie,  some  high  uneven  numher  might  hq  selected,  pro- 
vided the  due  relation  hetween  the  different  numbers  were  faithful- 
ly preserved.  But  such  a  practice  would  effectually  do  away  with 
the  advantage  ahove  ascribed  to  the  use  of  equivalents;  and  it  is 
the  object  of  every  one  to  employ  such  as  are  simple,  that  their  re- 
lation may  he  perceived  by  mere  inspection.  Thomson  makes 
oxygen  1,  so  that  hydrogen  is  eight  times  less  than  unity,  or  0.126, 
carbon  0.75,  and  sulphur  2.  Wollaston,  in  his  scale  of  chemical 
equivalents,  estimated  oxygen  at  10;  and  hence  hydrogen  is  1.25,  Unit, 
carbon  7.5  and  so  on.  According  to  Berzelius,  oxygen  is  100.  And 
lastly,  several  other  chemists,  such  as  Dalton,  Davy,  Henry,  and 
others,  selected  hydrogen  as  their  unit ;  and,  therefore,  the  equiva- 
lent of  oxygen  is  8.  One  of  these  series  may  be  reduced  to  either 
of  the  others  by  an  obvious  and  simple  calculation.  The  numbers 
adopted  in  this  work  refer  to  hydrogen  as  unity,     t.  ui. 

lis.  These  equivalent  numbers,  when  once  well  ascertained  andWoUas- 
arranged  in  a  tabular  form,  become  a  safe  and  invaluable  source  ©f  ^^''''•^•^•' 
information  to  the  chemist.  By  adapting  a  table  of  this  sort  to  a 
moveable  scale,  on  the  principle  of  Gunter's  sliding  rule,  Wol- 
laston constructed  a  logometric  scale  of  chemical  equivalenttt 
which  is  capable  of  solving  with  great  facility  many  problems  of 
chemistry.* 

119.  To  account  for  the  laws  observed  with  regard  to  the  definite  Atomic 
combinations  of  bodies,  Dalton  proposed  what  may  be  termed,  the    *®''^* 
atomic  theory  of  the  chemical  constitution  of  bodies.     The   laws 
themselves  are  the  deductions  from  experiment,  the  mere  expression 

of  the  facts,  and  are  not  necessarily  connected  with  any  speculatfon. 

120.  Two  opposite  opinions  have  long  existed  concerning  the  Atoms, 
ultimate  elements  of  matter.     It  is  supposed,  according  to  one  party,  ^^^^> 
that  every  particle  of  matter,  however  small,  may  be  divided  into 
smaller  portions,  protided  our  instruments  and  organs  were  adapted 

to  the  operation.  Their  opponents  contend,  on  the  other  hand,  that 
matter  is  composed  of  certain  ultimate  particles  or  molecules,  which 
by  their  nature  are  indivisible,  and  are  hence  termed  atoms  (from  a 
not  and  tefivBiw  to  cut).  These  opposite  opinions  have  from  time  to 
time  been  keenly  contested,  ana  the  progress  of  modern  che- 
mistry has  revived  attention  to  this  controversy.  We  have  only 
to  assume  with  Dalton,  that  all  bodies  are  composed  of  ulti- 
mate atoms,  the  weight  of  which  is  different  in  different  kinds  of 
matter,  and  we  explain  at  once  the  foregoing  laws  of  chemical 
union ;  and  this  mode  of  reasoning  is,  in  the  present  case,  almost 
decisive,  because  the  phenomena  do  not  appear  explicable  on  any 
other  supposition. 

121.  According  to  the  atomic  theory,  every  compound  is  formed 

"  ■  '  "I 

*  For  description  of  this  instrument,  snd  a  table  of  chemical  equivilenls  of  elemen- 
tary substances,  see  Appendix.    See  also  Faraday's  Chemical  AianipvkUion, 
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^^^^  '*  of  the  atoms  of  its  constituents.  An  atom  of  A  may  unite  with  one, 
Fonn  com-  two,  three,  or  more  atoms  of  B.  Thus  supposing  water  to  be  com- 
poaiida.  posed  of  one  atom  of  hydrogen  and  one  atom  of  oxygen,  binoxide  of 
hydrogen  will  consist  of  one  atom  of  hydrogen  and  two  atoms  of 
oxygen.  If  carbonic  oxide  is  Yormed  of  one  atom  of  carbon  and  one 
atom  of  oxygen,  carbonic  acid  will  consist  of  one  atom  of  carbon  and 
two  atoms  of  oxygen. 

If,  in  the  compounds  of  nitrogen  and  oxygen  enumerated  at  (page 
96,)  the  first  or  protoxide  consist  of  one  atom  of  nitrogen  and  one 
atom  of  oxygen,  the  four  others  will  be  regarded  as  compounds  of 
one  atom  of  nitrogen  to  two,  three,  four,  and  five  atoms  of  oxygen. 
From  these  instances  it  will  appear,  that  the  law  of  multiple  propor- 
tions is  a  necessary  consequence  of  the  atomic  theory.   There  is  also 
no  apparent  reason  why  two  or  more  atoms  of  one  substance  may 
not  combine  with  two,  three,  four,  five,  or  more  atoms  of  another ; 
but,  on  the  contrary,  these  arrangements  are  necessary  in  explana- 
tion of  (he  not  unfrequent  occurrence  of  half  equivalents,  as  formerly 
stated.    (Page  27.)    Such  combinations  will  also  account  for  the 
complicated  proportion  noticed  in  certain  compounds,  especially  in 
many  of  those  belonging  to  the  animal  and  vegetable  kingdom. 
Ute  of  the       122.  In  consequence  of  the  satisfactory  explanation  which  the  laws 
tennatom.  of  chemical  union  receive  by  means  of  the  atomic  theory,  it  has 
become  customary  to  employ  the  term  atom  in  the  same  sense  as 
combining  proportion  or  equivalent.     For  example,  instead  of  de- 
scribing water  as  a  compound  of  one  equivalent  of  oxygen  and  one 
equivalent  of  hydrogen,  it  is  said  to  consist  of  one  atom  of  each 
element.     In  like  manner  sulphate  of  potassa  is  said  to  be  formed  of 
one  atom  of  sulphuric  acid  and  one  atom  of  potassa  ;  the  word  in  this 
case  denoting  as  it  were  a  compound  atom,  that  is,  the  smallest  inte- 
gral particle  of  the  acid  or  alkali, — a  particle  which  does  not  admit 
of  being  divided,  except  by  the  separation  of  its  elementary  or  con- 
stituent atoms.     The  numbers  expressing  the  proportions  in  which 
bodies  unite,  must  likewise  indicate,  consistently  with  this  view,  the 
relative  weights  of  atoms  ;  and  accordingly  these  numbers  are  often 
Atomic       called  atomic  toeights.     Thus,  as  water  is  composed  of  8  parts  of  oxy- 
^»«»8*»t.      ggjj  ^jj^j  I  Qf  hydrogen,  it  follows,    on  the  supposition  of  water 
consisting  of  one  atom  of  each  element,  that  an  atom  of  oxygen  must 
be  eight  times  as  heavy  as  an  atom  of  hydrogen.     If  carbonic  oxide 
be  formed  of  an  atom  of  carbon  and  an  atom  of  oxygen,  the  rekitive 
weight  of  their  atoms  is  as  6.12  to  8;  and  in  short  the  chemical 
equivalents  of  all  bodies  may  be  considered  as  expressing  the  rela- 
tive weights  of  their  atoms. 
Argumento      123.  The  arguments  in  favour  of  the  atomic  constitution  of  matter 
in  support   become  much  stronger,  when  we  trace  the  intimate  connexion  which 
of  the  the-  gobsists,  among  many  substances,  between  their  crystalline  form  and 
^^'  chemical  composition.     The  only  mode  of  satisfactorily  accounting 

for  the  striking  identity  of  crystalline  form  observable,  first,  between 
two  substances,  and  secondly,  between  all  their  compounds,  which 
have  an  exactly  similar  composition,  is  by  supposing  them  to  consist 
of  ultimate  particles,  possessed  of  the  same  figures,  and  arranged  in 
precisely  the  same  order.    The  phenomena  presented  by  isomor- 
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phous  bodies  (50),  afford  a  powerful  argument  in  favour  of  the  atomic    Secu  n. 
theory.*   T.418.  ' 

124.  Soon  after  the  publication  of  Dalton's  views  of  the  atomic  '^]^^jy  of 
constitution  of  bodiesit  a  paper  appeared  by  Gay-Lussac,t  in  which  Tolomei. 
he  proved  that  gases  unite  together  by  volume  in  very  simple  and 
definite  proportions.     It  was  found  that  water  is  composed  precisely 

of  100  measures  of  oxygen  gas  and  200  measures  of  hydrogen ;  and 
Gay-Lussac,  being  struck  by  this  peculiary  simple  proportion,  was 
induced  to  examine  the  combinations  of  other  gases,  with  the  view 
of  ascertaining  if  any  thing  similar  occurred  in  other  instances. 

The  first  compounds  which  he  examined  were  those  of  ammoniacal 
gas  with  hydrochloric,  carbonic,  and  fluoboric  acid  gases.  100  vo- 
lumes of  the  alkali  were  found  to  combine  with  precisely  100  volumes 
of  hydrochloric  acid  gas,  and  they  could  be  made  to  unite  in  no  other 
ratio.  With  both  the  other  acids,  on  the  contrary,  two  distinct  com- 
binations were  possible.     These  are 

100  Fluoboric  aoid  gas,  with  100  Ammomacal  gas. 
100  do.  200         do. 

100  Carbonic  acid  gas  100         do. 

100  do.  200         do. 

Various  other  examples  were  quoted,  both  from  his  own  experi- 
ments and  from  those  of  others,  all  demonstrating  the  same  fact. 

125.  From  these  and  other  instances  Gay-Lussac  established  the  ^jq^qq  ^f 
fact,  that  gaseous  substances  unite  in  the  simple  ratio  of  1  to  1,  1  to  gases. 
2,  1  to  3,  &c. ;  and  this  original  observation  has  been  confirmed  by 

a  multiplicity  of  experiments.  Nor  does  it  apply  to  gases  merely, 
but  to  vapours  also. 

126.  Another  remarkable  fj^ct  established  by  Gay-Lussac  in  the  of  com- 
same  essay  is,  that  the  volumes  of  compound  gases  and  vapours  pound 
always  bear  a  very  simple  ratio  to  the  volumes  of  their  elements.  ^•"' 
Thus,  ^        ^ 

VoltmieB  qf  ESLemenU.  Vohanea  of  resulting'  Compounda. 

100  Nitrogen  gas  -I-  300  Hydrogen  gas  jield    200  Ammoniacal  gas. 

50  Oxygen    "    --  100  Hydrogen  "...  100  Water. 

50  Oxygen    "    --  100  Nitrogen     ".     .    .  100  Protoxide  of  nitrogen  gas. 

100  Chlorine  «    --  100  Hydrogen  "  .    .    .   200  Hydrochloric  acid       »* 

100  Iodine      "    --  100  Hydrogen  «  .    .    .  200  Hydriodic  acid  « 

100  Oxygen    «<    +  100  Nitrogen     "...  200  Bmoxide  of  nitrogen  " 


*  Dalton  supposes  that  the  atoms  of  bodies  are  spherical ;  and  he  has  invented  cer- 
tain symbols  to  represent  the  mode  in  which  he  conceiTes  they  may  combine  together, 
u  illustrated  by  the  following  figures : 


0  Hydrogen.  O  Oxygen. 

0  Nitrogen.  %  Carbon. 

BXNABT  COMPOUNDS. 

O  O  Water. 

O  #  Carbonic  oxide. 

TERNARY  COMPOUNDS. 

O  O  O  Binoxide  of  hydrogen. 
O  #  O  Carbonic  acid. 
Ac.  Ac-  &c. 


All  substances  conUining  only  two  atoms  he  called  binary  compounds ;  those  com- 
posed of  three  atoms,  ternary  compounds ;  of  four,  quaternary,  &c.  For  a  more  full 
account  of  the  doctrine  of  atoms,  see  Danbeny  on  Ihe  Atomic  Thevry,  and  Prout's 
Bridgewater  TreatUe, 

t  New  System  qf  Chem.  PkUos.  1 803.  I  Mem.  <PArcueil. 


32 


JiUtracHon —  Chtimeal 


Chap.  I.       The  law  of  multiples  (page  26)  is  equally  demonstrable  by  means 
of  combining  volumes  as  by  combining  weights.     Thus, 


CombiQing 
Tolumes. 


Vokaneaqf  ElemerUa. 
100  Nitrogen  ^  50  Oxygen 


100 
100 
100 
100 


do. 
do. 
do. 
do. 


100  Hydrogen 
100      do. 
100  Carbon  vapour  -|- 
100      do.  + 


100 
150 
200 
2S0 

50 
100 

50 
100 


do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 


BendHng  Compounda* 

yield         Protoxide  of  nitrogen . 
Binoxide  of  nitrogen. 
Hyponitrous  acid. 
Nitrous  acid. 
Nitric  acid. 
Water. 
.     Binoxide  of  hydrogen. 
Carbonic  oxiae. 
Carbonic  acid. 


Table  of 
eqniTalent 
weights, 
&c. 


It  thus  appears  that  the  laws  of  combination  may  equally  well  be 
deduced  from  the  volumes  as  from  the  weights  of  the  combining 
substances,  and  that  the  composition  of  gaseous  bodies  may  be  ex- 
pressed as  well  by  measure  as  weight. 

127.  The  following  table  exhibits  a  view  of  equivalent  weights  and 
volumes,  to  which  are  added  the  respective  specific  gravities  in  rela- 
tion both  to  air  and  hydrogen. 


Specific  Graritles. 

Chemical  Equivalenta. 

Gases  and  Vapoubs. 

Air  as  1. 

Hydrofsaasl. 

By  Vol. 

By  Weight. 

Hydrogen,       -        -        - 

0.0689 

1.00 

100 

1. 

Nitro^n,    .       -       -       - 

0.9727 

14.16 

100 

14.16 

Chlonoe,         ... 

2.4700 

36.42 

100 

35.42 

Carbon,  (hypothetical), 

0.4216 

6.12 

100 

6.12 

Iodine,    -       -       -       - 

8.7020 

126.30 

100 

126.3 

Bromine,    -       .       -       - 

6.4017 

78.40 

100 

78.4 

Water,    .       -       -       . 

0.6201 

9.00 

100 

9. 

Alcohol,      .... 

1.6009 

23.24 

100 

23.24 

Sulphuric  ether, 

Lignt  carburetted  hydrogen, 

2.6817 

37.48 

100 

37.48 

0.5693 

8.12 

100 

8.12 

Olefiantgas,       ... 

0.9808 

14.24 

100 

14.24 

Carbonic  oxide. 

0.9727 

14.12 

100 

14.12 

Carbonic  acid,    -       .       . 

1.6239 

22.12 

100 

22.12 

Protoxide  of  nitrogen,     - 

1.5239 

22.16 

100 

22.16 

SulphuroQS  acid, 

2.2117 

32.10 

100 

32.1 

Sulphuric  acid,  (anhydrous) 

2.7629 

40.10 

100 

40.1 

Cyanogen,  -       -       .       . 
Hydrosulphuric  acid. 

1.8157 

26.39 

100 

26.39 

1.1782 

17.10 

100 

17.1 

Binoxide  of  nitrogen,  • 

1.0376 

16.76 

200 

30.16 

Mercury,         ... 

6.9589 

101.00 

200 

•    202. 

Ammonia,  .... 

0.6897 

8.76 

200 

17.16 

Hydrochloric  acid,  - 

1.2694 

18.21 

200 

36.42 

Hydriodic  acid,  - 

4.3864 

63.66 

200 

127.3 

Hydrobromic  acid,  - 

2  7363 

39.70 

200 

79.4 

Hydroc3ranic  acid. 
Arseniuretted  hyarogen,  - 

0.9423 

13.96 

200 

27.39 

2.7008 

39.20 

200 

78.4 

Sesquicliloride  of  arsenic,  - 

6.3025 

90.83 

200 

181.66 

Sesquiodide  of  arsenic,    • 

16.6505 

227.16 

200 

454.3 

Protochloride  of  mercury,  • 

8.1939 

118.71 

200 

237.42 

Bichloride  of  mercury,    • 

9.4289 

136.42 

200 

272.84  • 

Bromide  of  mercury,  - 

9.6697 

140.20 

900 

280.4 

Bibromide  of  mercury,    - 

12.3606 

179.40 

200 

368.8 

Biniodide  of  mercury, 

16.6609 

227.30 

200 

454.6 

Oxvgen,      •       -       .        - 

1.1024 

16.00 

60 

8. 

Arseniotts  acid, 

13.6972 

198.80 

60 

99.4 

Phosphorus,        ... 

4.3269 

62.80\ 

25 

16.7 

Arsenic,  -        -        -        - 

10.3901 

160.80 

25 

37.7 

Sulphur,     .... 

6.6558 

96.60 

16.66 

16.1 

hisulphuret  of  mercury,  - 

6.3788 

78.06 

300 

234.2 
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128.  From  the  examination  of  the  table  it  will  be  seen,  1st,  that    Boeuu, 
the  combining  volumes  are  either  equal,  or  in  the  simple  ratio  of  1  to  Ratios  of 
2, 1  to  3,  &c.     The  same  simplicity  rarely  exists  among  the  «quiva- ^^™^°« 
lent  weights.     2.  The  specific  gravities  and  weights  of  the  !8  first 
substances  are  seen  to  be  identical.     As  these  have  the  same  uniting  ueotity  of 
volume  as  hydrogen,  the  assumed  unit,  and  as  the  specific  gravities  spedflc 
are  merely  the  weights  of  equal  volumes,  the  numbers  in  the  column  £5^^"* 
of  specific  gravities  and  those  in  the  column  of  weights  coincide.   3.  weighu. 
The  identity  in  the  equivalent  volumes  of  the  elementary  gases, 
hydrogen,  nitrogen,  and  chlorine,  led  to  the  notion  that  the  equivalent 
volumes  of  most  other  elements  might  also  be  identical.     Awtming  specific 
that  identity,  the  specific  gravity,  for  example,  of  the  elements  gravity 
hydrogen,  carbon,  and  sulphur,  in  a  gaseous  state,  may  easily  be  "*®"^**^- 
calculated.     Thus,  taking  1,  6.12,  and  16.1  as  the  equivalents  of 
hydrogen,  carbon,  and  sulphur,  their  specific  gravities  in  the  gaseous 

state,  supposing  combining  volumes  equal,  will  be  in  the  same  ratio 
of  1,  6.12  and  16.1.  But  such  hypothetical  numbers  cannot  be 
always  confided  in  ;  the  real  specific  gravity  of  a  vapour  is,  in 
some  cases,  as  much  greater  than  the  hypothetical,  as  its  equivalent 
volume  is  less  than  that  of  hydrogen.* 

129.  The  tables  supply  materials  for  calculating  the  specific  gra-  Specific 
vity  of  compound  gases,  and  of  verifying  the  accuracy  of  other  <^on-JJ^^^ 
elusions  respecting  their  composition.      The  specific  gravities  of  gases  cal- 
certain  gases  being  known,  together  with  their  uniting  proportions  culated. 
by  volumes,  and  the  resulting  volume,  we  can  easily  deduce  the 
weight  of  100  volumes  of  the  compound  gas  that  may  be  formed. 

130.  We  can  assume  the  specific  gravity  as  the  weight  of  100 
volumes,  or  the  weight  of  100  volumes  as  the  specific  gravity  when 
the  number  of  volumes  is  100 ;  then  50  volumes  may  be  indicated  by 
one  half,  25  by  a  fourth,  and  16.66  by  a  sixth  of  the  specific  gravity 
of  100  volumes.  Thus  the  specific  gravity  of  hydrosulphuric  acid 
gas  will  be  that  of  its  constituents,  viz.  oif  100  volumes  of  hydrogen 
-(-  ^th  of  100  volumes  of  the  vapour  of  sulphur.t 

131.  As  vapours  are  easily  condensed  by  cold,  and  in  many  cases 
exist  as  such  only  at  high  temperatures,  their  specific  gravities  may 
often  be  obtained  by  calculation  more  accurately  than  by  experiment. 

132.  The  impracticability  of  contriving  convenient  names  expres- 
sive o(  the  constitution  of  chemical  compounds,  suggested  the  em- 
ployment of  symbols  as  an  abbreviated  mode  of  denoting  the  compo-  Chemical 
sition  of  bodies.  The  symbols  contrived  by  Berzelius  are  now®y"^**' 
extensively  used  by  chemists  and  mineralogists.  These  are  also 
called  cJuTnical  formuJUt^  and  it  is  important  that  the  chemical  stu- 
dent should  not  be  unacquainted  with  them.  The  following  table 
includes  the  symbols  of  the  elementary  substances  according  to 
Berzelius. 


^Ttie  identity  in  the  equivalent  Tolumes  of  hydrogen,  nitrogen,  and  chlorine,  sug- 
gested the  idea  that  the  atoms  of  all  the  eltmenU  are  of  the  same  magnitude,  and 
eqoal  Tolames  of  the  elements  in  a  gaseous  stale  were  supposed  to  contain  an  equal 
nomher  of  atoms.  The  late  researches  of  Dumas  and  Mitscberlich  have  shown  that 
this  is  not  the  fact.  t  For  further  examples  see  Turner's  Oiemti'nj^  147. 

5 


84 

Jlltraciioi^-^Ckmieal. 

Chap.  I. 

TABLB  or  SYMBOLS. 

Elemeato. 

Sjmh 

Etomants. 

Symb.            Elements. 

Symb. 

Aluminium 

Al 

Gold  (Aurum)     • 

Au    Potassium  (Kalium) 

K 

Antimony  (Stibium) 

Sb 

Hydrogen 

H 

Rhodium     • 

R 

Araenic 

As 

Iodine 

I 

t^elenium 

Se 

Barium   - 

Ba 

Iridium   - 

Ir 

Silicium 

Si 

Bismuth 

Bi 

Iron  (ferrum) 

Fe 

Sil?er  (Arsentum) 
Sodium  (Natrium) 

^ 

Boroa 

B 

Lead  (Plombum) 

Pb 

Bromine 

Br 

Lithium 

L 

Strontium    - 

Sr 

Cadmium 

Cd 

Magnesium     - 

Mg 

Sulphur  - 
Tellurium    - 

S 

Calcium 

Ca 

Manganese 

Mn 

Te 

Carbon    - 

C 

Mercury  (Hydrargy* 

Thorium  - 

Th 

Cerium 

Ce 

rum) 

Hg 

Tin  (Stannnm) 

Sn 

Chlorine  - 

CI 

Molybdenum 
Nickel    .       . 

Mo 

Titanium 

Ti 

Chromium  • 

Cr 

Ni 

Tungsten  (Wolfiam) 

W 

Cobalt     . 

Co 

Nitrogen     - 

N 

Uranium     - 

u 

Columbium  (Tanta- 

Osmium - 

Os 

Vanadium 

V 

lum) 

Ta 

Oxygen 
Palladium 

O 

Yttrium 

Y 

Copper  (Caprum) 

Cu 

Pd 

Zinc 

Zo 

Fluorine 

P 

Phosphoros  - 

P     kZirconinm    - 

Zr 

Gludninm 

G 

Platinum  • 

"1 

Explana- 


tian. 


The  foregoing  symbols  are  intended  to  represent  tbe  chemical 
equivalents  of  the  elements.  Thus,  the  letters  H,  I,  and  Ba,  stand 
for  one  equivalent  of  hydrogen,  iodine,  and  barium ;  and  2H,  3H, 
and  4H,  for  2,  3,  and  4  equivalents  of  hydrogen.  Two  equivalents 
of  an  element  are  often  denoted  by  placing  a  dash  through,  or  more 
commonly  under  its  symbol ;  thus,  H  means  2H,  and  P  signifies 

2P.  Certain  compounds  are  oflen,  for  the  sake  of  Brevity,  denoted 
by  single  symbols  in  the  same  manner  as  the  elements ;  thus,  an 
equivalent  of  water,  ammonia,  and  cyanogen,  is  sometimes  expressed 
by  Aq,  Am,  and  Gy ;  but  in  general  the  formuls  for  compound  bo* 
dies  are  so  contrived  as  to  indicate  the  elements  they  contain,  and 
the  mode  in  which  they  are  united.  This  may  be  done  in  several 
ways ;  but  that  which  first  suggests  itself,  is  to  connect  together  the 
symbols  by  the  same  signs  as*  are  used  in  Algebra.  Thus  the  for- 
mula K+0.  Ca+0,  Ba+0,  Mn+0,  Fe+0,  2Fe+30,  3H+N, 
2H+2C,  CH-20,  N+50,  S+30,and  H+Cl,  denote  single  equiva- 
lents  of  potassa,  lime,  baryta,  protoxide  of  manganese,  protoxide  of  iron, 
sesquioxide  of  iron,  ammonia,  olefiant  gas,  carbonic  acid,  nitric  acid, 
sulphuric  acid,  and  hydrochloric  acid.  The  formula  K-f-N-|-^0  l^<Ji- 
cates  the  elements  which  are  contained  in  an  equivalent  of  nitrate  of 
potassa :  in  order  to  express  further  that  the  potassium  is  combined  with 
only  one  equivalent  of  oxygen,  the  remaining  oxygen  with  the  nitro- 
gen, and  the  potassa  with  nitric  acidf  the  symbols  are  placed  thus,-* 
(K-f"0)+(NH-60),  the  brackets  containing  the  symbols  of  those  ele- 
ments which  are  supposed  to  be  united.  A  number  placed  on  the  out- 
side of  a  bracket,  multiplies  the  compound  within  it :  thus  (K4~0)-|- 
(S-f  30)  is  sulphate  of  potassa,  and  (K-f-0)+2(S+30)  is  the  bisul- 
phate.  All  the  elements  contained  in  a  compound  are  thus  visibly  re- 
presented, and  the  chemist  is  able  readily  to  trace  all  possible  modes  of 
combination,  and  to  select  that  which  is  moat  in  liarmonj  with  the 
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facts  and  principles  of  his  science.    He  may,  and  often  does,  thereby    Sect  n. 
detect  relations  which  might  otherwise  have  escaped  notice. 

133.  Another  advantage  attributable  to  such  formulae  is,  that  they  Advantin 
facilitate  the  comprehension  of  chemical  changes.     K  hydrosulphuric  of  fonnuIaB. 
acid^cts  upon  the  protoxide  of  lead,  it  is  easy  to  say  that  the  sul- 
phur combines  with  the  lead,  and  the  hydrogen  with  the  oxygen  ; 

but  the  exact  adaptation  of  the  quantities  for  mutual  interchange 
appears  to  be  more  clearly  shown  by  symbols  than  by  a  description 
or  a  diagram.  In  the  simple  instance  alluded  to,  H-f-S  reacts  on 
Pb+O,  and  the  products  are  Pb+S  and  H+0.  When  hydrosul- 
phuric acid  acts  on  bicyanuret  of  mercury,  the  result  is  bisulphuret 
of  mercury  and  hydrocyanic  acid ;  the  substances  which  interchange 
elements  are  2(H-{-S)  and  Hg-f-2Cy ;  and  the  products  are  Hg-{-2S, 
and  2  (H-{-Cy).  In  more  complicated  changes  the  advantage  of  che- 
mical formuls  is  still  more  manifest,  examples  of  which  kind  will  be 
found  in  other  parts  of  this  volume. 

134.  Useful  as  the  algebraic  chemicail  formulse  are  for  the  purpose  of  Abbravim- 
studying  chemical  changes,  they  are  sometimes  found  inconveniently  ted. 
long  where  the  object  is  merely  to  express  the  composition  of  bodies, 

and  accordingly  Berz^lius  has  introduced  several  abbreviations.  For 
instance,  he  indicates  degrees  of  oxidation  by  dots  placed  over  the 

symbol,  writing  K,  C,  N.  instead  of  K+O,  C+20,  N+60,  for 
potassa,  carbonic  acid,  and  nitric  acid.     In  like  manner  he  denotes 

compounds  of  sulphur  by  commas,  writing  K,  Hg,  U  instead  of  K-|-S, 
Hg-j-2S,  H-f-S,  for  sulphuret  of  potassium,  bisulphuret  of  mercury, 
and  hydrosulphuric  acid.  When  the  ratio  is  that  of  two  to  three 
he  employs  the  symbol  for  two  equivalents  above  atated ;  thus, 

Fe,  P,  A^  is  used  instead  of  2Fe+30,  2P+50,  2At+50,  for  an 
equivalent  of  sesquioxide  of  iron,  phosphoric  acid,  and  arsenic  acid  ; 

and  similarly  we  have  As,  As  instead  of  2As-|-3S,  2As-^5S  for  the 

sesquisulphuret  and  persulphuret  of  arsenic.  These  last  formulsB 
are  sometimes  used  to  indicate  two  equivalents  instead  of  one  ;  but 
as,  agreeably  to  the  atomic  theory,  the  smallest  possible  molecule  of 
sesquioxide  of  iron  consists  of  2  atoms  of  iron  and  3  of  oxygen,  the 
formula  2Fe-{-30  ought  to  stand  for  one  equivalent  only. 

Berzelius  often  dispenses  with  the  sign  -f-*  ^^^  writes  combined 
elements  side  by  side,  the  sign  of  addition  being  understood  instead 

of  expressed.    Thus  he  uses  KS,  CaC,  BaN,  KS+NiS,  instead  of 

K-f  S,  Ca+C,  Ba+N,  (k+'S)-f-(Ni+S),  for  sulphate  of  potassa, 
carbonate  of  lime,  nitrate  of  baryta,  and  the  double  sulpnate  of 
potassa  and  oxide  of  nickel.  Two  or  more  equivalents  of  one  consti- 
tuent of  a  compound  are  denoted  by  numbers  placed  in  the  same 
position   as  the   indices  of  powers   in   algebra :  thus   NH",   NC*, 

Fe^  H»  is  the  abbreviation  of  N+3H,  N+2C,  2Fe-f-3H,  for  ammo- 
nia,  cyanogen,  and  sesquihydrate  of  iron,  a  compound  of  2  equiva- 
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lents  of  sesquioxide  of  iron  and  3  of  water.    A  Dumber  used  before 

symbols,  like  coefficients  in  algebra,  multiplies  ail  the  following 

•  •    • 

symbols  not  separated  from  it  by  a  -|-  sign.  Thus  in  8  Ca  Si'-f-^  S^' 
4-16  Aq  (which  is  the  formula  for  the  mineral  called  apophyilite), 

the  8  denotes  8  equivalents  of  Ca  6i\  or  tersilicate  of  lime,  which 
are  united  with  1  equivalent  of  sexsilicate  of  potassa,  and  16  of 
water. 

Berzelius  also  expresses  the  vegetable  and  animal  acids  by  the 

first  letter  of  their  name,  with  a  dash  over  it.    Thus  T»  A,  G,  B, 

6,  F|  are  the  symbols  for  tartaric,  acetic,  citric,  benzoic,  gallic,  and 
formic  acids* 

136,  It  was  formerly  thought  that  the  same  elements  united  in 
the  same  ratio  must  always  give  rise  to  the  same  compound ;  but 
examples  have  been  discovered  of  two  or  even  more  substances  con* 
taining  the  same  elements  in  the  same  ratio,  and  yet  exhibiting 
chemical  properties  distinct  from  each  other.  For  such  compounds 
Berzelius  has  suggested  the  general  appellation  of  isomerict  from 
taog  equal,  and  fts^s  part,  expressive  of  equality  in  the  ingredients* 

Isomerism  is  quite  consistent  with  our  theories  of  chemical  union ; 
insomuch  as  the  same  elements  may  be  grouped  or  combined  in  dif- 
ferent ways^  and  give  rise  to  compounds  essentially  distinct.^ 

Some  bodies  consist  of  the  same  elements  in  the  same  ratio,  and 
yet  tdififer  in  their  equivalents.  The  nature  of  these  compounds  is  at 
once  cdetected  by  their  equivalents  being  unlike,  and  by  the  volume 
which  they  occupy  as  gases  compared  with  the  volumes  of  the  ele- 
ments of  which  they  consist.  Isomeric  bodies  of  this  kind  are  obvi- 
ously much  less  intimately  allied  than  those  above  described.    T.  i53. 

J:36.  The  proof  which  establishes  the  nature  of  chemical  com- 
pounds, is  of  two  kinds,  synthesis  and  analysis-  Synthesis  consists 
in  efiecting  the  chemical  union  of  two  or  more  bodies  ;  and  analysis, 
in  separating  them  from  each  other,  and  exhibiting  them  in  a  sepa- 
rate fltate,,  The  composition  of  sulphate  of  copper  (blue  vitriol)  is 
syniheticaUy  demonstrated  by  %niting  sulphuric  acid  to  oxide  of 
copper.  When  we  have  a  compound  of  two  or  more  ingredients, 
which  are  themselves  compounded  also,  the  separation  of  the  com- 
pounds from  each  other  may  be  called  the  proximate  analysis  of  the 
body ;  and  the  farther  separation  of  these  compounds  into  their  most 
6iim)le  principles,  its  ultimate  analysis. 

Thus  the  sulphuric  acid  of  the  sulphate  of  copper  consists  of  sul- 
phur and  oxygen,  and  oxide  of  copper  consists  of  copper  and  oxygen  ; 
consequently  we  should  say  that  the  tdtimate  component  parts  of  blue 
vitriol  are  copper,  sulphur,  and  oxygen. 


*  Thus  the  elements  of  salpbste  of  potassa  mav  perhaps  be  united  indiscriminately 
with  each  other,  as  expressed  by  the  formula  KSCH ;  or  tney  may  form  KOf-SO* ;  or 
KS+Ot;  or  KOH-S0<;  and  other  combinations  might  be  made.  The  second  of 
these  is  doubtless  the  real  one ;  but  no  one  can  say  that  the  others  are  impracticable. 
Again,  the  elements  of  peroxide  of  tin,  Sn  and  30,  may  either  form  SnO^,  or  SnOfO; 
and  those  of  the  sesquioxide  of  iron,  2Pe  and  30,  may  either  be  Fe«OS,  or  FeO+PeOt. 
not  to  mention  other  possible  combinations*  The  elements  of  alcohol  are  20, 3H,  and 
O,  which  may  be  united  indiscriminately  as  H»C»0,  or  H»C«+0,  or  as  H'CH-HO, 
besides  others ;  it  is  commonly  considered  a  ceropoond  of  olefiant  gas  «iid  vrater,  as 
indicated  by  the  last  formula.    T. 
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The  proximate  analysis  of  sulphate  of  potassa  consists  in  resolving  stci.  m. 
it  into  potassa  and  salphuric  acid;  and  its  ultimate  analysis  is 
effected  by  decomposing  the  potassa  into  potassium  and  oxygen,  and 
the  sulphuric  acid  into  oxygen  and  sulphur. 

When  the  analysis  of  any  substance  has  been  carried  as  far  as 
possible,  we  arrive  at  its  most  simple  principles  or  elements ;  by 
which  expression  we  are  to  understand,  not  a  body  that  is  incapable 
of  further  decomposition,  but  only  one  which  ha$  not  yet  been  decom* 
posed. 


Section  III.    Heat  or  Caloric. 

137.  No  sensations  are  more  familiar  to  us  than  those  of  heat  ^^^'^^^'^ 
and  cold.    They  are  excited  by  bodies  applied  to  our  organs,  and  cit^jj^^"" 
different  times  very  different  degrees  of  sensation  are  excited  by  the 

same  body.  The  power  of  inducing  these  sensations  does  not  de- 
pend upon  the  matter  itself,  which  is  applied  to  our  organs ;  for  ev- 
ery shade  of  sensation  is  produced,  without  the  qualities  of  that 
matter  being  permanently  changed ;  it  is  considered  as  depending 
on  the  operation  of  a  certain  subtle  principle,  present  in  bodies,  and 
which,  according  to  its  quantity,  gives  rise  to  the  power  of  exciting 
diflerent  sensations. 

138.  This  principle,  or  power,  has  been  distinguished  by  various  His  raeeiT. 
appellations,  as  Fire,  Heat,  the  matter  of  Heat,  or  the  Igneous  fluid ;  ^^||^^^* 
terms  which  are  either  ambiguous,  or  which  involve  some  hypothe- 
sis, and  which  are  superseded  by  the  unexceptionable  appellation  of 
Caloric,     m.  i.  183.* 

139.  Caloric,  so  far  as  its  chemical  agencies  are  concerned,  mayMaybe^ 
be  chiefly  considered  under  two  views — as  an  antagonist  to  the  co- JJJjJJ^JJ^ 
hesive  attraction  of  bodies — and  as  concurring  with,  and  increasing  Tiews. 
elasticity.     By  removing  the  particles  of  any  solid  to  a  greater  dis« 

tance,  from  each  other,  their  cohesive  attraction  is  diminished ;  and 
one  of  the  principal  impediments  to  their  union  with  other  bodies  is 
overcome.  On  the  other  hand,  caloric  may  be  infused  into  bodies 
in  such  quantity,  as  not  only  to  overcome  cohesion,  but  to  place  their 
particles  beyond  the  sphere  of  chemical  affinity. 

Id  many  cases,  when  two  bodies  are  combined  together,  one  of 
which  is  fixed,  and  the  other  becomes  elastic  by  union  with  caloric, 
we  are  able,  by  its  interposition  alone,  to  effect  their  disunion.  Thus 
carbonate  of  lime  gives  up  its  carbonic  acid  by  the  mere  applica- 
tion of  heat. 

140.  We  may  consider,  then,  all  bodies  in  nature  as  subject  to  The  state 
the  action  of  two  opposite  forcest  the  mutual  attraction  of  their  par-  ^^|^J!L 
tides  on  the  one  hand,  and  the  repulsive  power  of  caloric  on  the  by  ctlork. 
other ;  and  bodies  exist  in  the  solid,  liquid,  or  elastic  state,  as  one  or 

the  other  of  these  forces  prevails. 

Water,  by  loting  calorie,  has  its  cohesion  so  much  increased,  that  it  assumes 
the  solid  form  of  ice;  addina  caloric,  we  diminish  again  its  cohesion,  and  render 
it  fluid ;  and  finally,  by  a  still  farther  addition  of  caloric,  we  change  it  into  ra- 

*  Or  we  may  define  caloric  as  the  agent  to  which  the  phenomena  of  heat  and  eooi* 
bvstion  are  ascribed.    U. 
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pouri  and  giTe  it  so  mach  elasticity^  that  it  may  be  rendered  capable  of  bursting 
the  strongest  Tessels.    In  many  hauids,  the  tendency  to  elasticity  is  eyen  so 

Seat,  that  they  pass  to  the  gaseous  form  by  the  mere  removal  of  the  weicht  of 
e  atmosphere ;  as  is  the  case  with  ether  in  the  exhausted  receiver  of  the  air 
pump. 

141.  Expansion  is  the  most  obvious  and  familiar  effect  of  caloric 
and  it  takes  place,  though  in  different  degrees,  in  all  forms  of  mat- 
ter. When  a  body  which  occasions  the  sensation  of  heat  on  our 
organs,  is  brought  into  contact  with  another  body  which  has  no  such 
effect,  the  result  of  their  mutual  action  is  that  the  hot  body  contracts, 
and  loses  to  a  certain  extent  its  power  of  communicating  heat,  and 
the  other  body  expands,  and  in  a  degree  acquires  this  power. 

The  expansion  of  solids  may  be  made  apparent  by  heating  a  rod  of  iron, 
of  such  a  length  as  to  be  included,  when  cold,  between  two  points,  ana 
the  diameter  of  which  is  such,  as  barely  to  allow  it  to  pass  into  an  iron  ring. 
When  heated,  it  will  have  become  sensibly  larger ;  and  it  will  be  found  incapa- 
ble of  passing  through  the  ring. 

142.  This  property  of  metals  has  been  applied  to  the  construction 
of  an  instrument  for  measuring  temperature,  called  a  pyrometer,* 

143.  The  expansion  of  solids  has  engaged  the  attention  of  sever- 
il  experimenters,!  and  the  following  results  have  been  obtained  : — 
1.  Different  solids  do  not  expand  to  the  same  degree  from  equal  ad- 
ditions of  heat.  2.  A  body  which  has  been  heated  from  the  tem- 
perature of  freezing  to  that  of  boiling  water,  and  again  allowed  to 
cool  to  32^  F.,  recovers  precisely  the  same  volume  which  it  posses- 
sed at  first.  3.  The  dilatation  of  the  more  permanent  or  infusible 
solids  is  very  uniform  within  certain  limits ;  their  expansion,  for  ex- 
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*  An  instrument  of  this  kind  is  repre* 
resented  by  fig.  22,  which  will  be  found 
very  convenient  for  showing  the  expansi- 
bilities of  ban  of  difi*erent  metals,  at  tem- 
peratures not  exeeediog  that  of  boiling 
water.  Upon  a  flat  piece  of  mahogany 
are  fixed  brass  studs,  g  g,  on  which  the 
metallic  bar,//,  isplaoea.  One  end  of 
this  bar  bears  aninst  a  lever  6  at  a  point 

very  near  its  nilcnim}  the  other  end  of  ^ ^__ 

tlus  lever,  which  is  bent,  bears  against       A    >  1 

another  lever  c,  the  lower  extremity  of  ^  "^ 

which  is  an  index.  Beneath  this  index  is  a  gradnated  arc  d.  When  we  wish  to  immerse 
the  bar  in  hot  water,  or  to  apply  heat  gradusUy  through  the  medium  of  water,  the 
bar  is  passed  through  the  brass  box  a,  which  has  an  aperture  at  each  end.  An  open- 
ing is  left  in  the  board  immediately  under  the  box^  to  allow  the  application  of  a  lamp. 
The  small  expansion  of  the  metallic  bar  is  magnified  by  the  first  lever  in  the  pro- 
portion of  the  distances  of  the  point  of  pressure  from  its  plane,  and  from  its  other 
extremity ;  and  this  magnified  efiect  is  again  magnified  by  the  other  lever,  so  that  an 
expansion  of  the  400th  part  of  an  inch  corresponds  to  a  whole  inch  on  the  scale. 
This  nyrometer  is  liable  to  the  objection  that  the  distance  of  the  points  of  pressure 
from  toe  fulcrum  and  extremity  of  each  lever  is  variable  during  the  experiment.  (Su 
Fergiuon*8  Led.) 

Diniell's  pyrometer  is  susceptible  of  great  precision.  Its  indications  result  from  a 
difference  in  the  ex^nsion  and  contraction  of  a  platinum  bar,  and  a  tube  of  black 
lead  ware,  in  which  it  is  contained.  These  differences  are  made  available  by  con- 
neclioff  an  index  with  the  platinum  bar,  which  traverses  a  circular  scale  fixed  on  to 
the  tuoe.  See  a  description  of  this  instrument  in  TWrncHs  EUmenU  p.  26,  Quarts 
Jour  q/  Sd.  xi.  309,  and  PhUoa.  Tram,  1830-1. 

t  The  Philosophical  Transactions  contain  various  dissertations  on  the  subject  by  EI- 
licot,  Smeaton,  Troughton,  and  General  Roy;  and  M.  Biot,in  his  TraiU  de  Physimte, 
has  given  the  results  of  experiments  performed  with  great  care  by  Lavoisier  and  La- 
place. 
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ample,  from  the  freezing  point  of  water  to  122^,  is  equal  to  what  aact.m. 
takes  place  betwixt  122*  and  212**.  The  sabseqaent  researches  of 
Duloogr  and  Petit,*  prove  that  solids  do  not  dilate  uniformly  at  high 
temperatures,  but  expand  in  an  increasing  ratio  ;  that  is,  the  higher 
the  temperature  beyond  212*  the  greater  the  expansion  for  equal 
additions  of  heat.  It  is  manifest,  indeed,  from  their  experiments, 
that  the  rate  of  expansion  is  an  increasing  one  even  between  32** 
and  212* ;  but  the  differences  which  exist  within  this  small  range 
are  so  inconsiderable  as  to  escape  observation,  and,  therefore,  for 
most  practical  purposes  may  be  disregarded. 

The  subjoined  table  includes  the  most  interesting  results  of  La* 
voisier  and  and  Laplace.     (Bwt^  vol.  1.  p.  158.) 

Ncma  €f  Subttmeet.  Ehru^aHan  tdhen  heated 

fiom  32®  to  212® 

Glass  tube  without  lead,  a  mean 
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144.  The  expansion  of  liquids  is  seen  by  putting  a  common  '*«v^  of  limiidi 
thermometer,  made  with  mercury  or  alcohol,  into  warm  water,  uqoiM» 
Fig.  23,  when  the  dilatation  of  the  liquid  will  be  shown  by 
its  ascent  in  the  stem.  The  experiment  is  indeed  illustrative 
of  two  other  facts.  It  proves,  first  that  the  dilatation  increas- 
es with  the  temperature  ;  for  if  the  thermometer  be  plunged 
into  several  portions  of  water  heated  to  different  degrees, 
the  ascent  will  be  greatest  in  the  hottest  water,  and  least  in 
the  coolest  portions.     It  demonstrates,  secondly,  that  liquids  expand 

more  than  solids.  The  glass  bulb  of  the  thermometer  is  itself  ex- 
panded by  the  hot  water,  and,  therefore,  is  enabled  to  contain  more 
mercury  than  before ;  but  the  mercury  being  dilated  to  a  much 
greater  extent,  not  only  occupies  the  additional  space  in  the  bulb, 
but  likewise  rises  in  the  stem.  Its  ascent  marks  the  difference  be- 
tween its  own  dilatation  and  that  of  the  glass,  and  is  only  the  ap- 
parent, not  the  actual,  expansion  of  the  liquid. 

145.  Liquids  differ  also  in  their  relative  expansibilities:  ether  isipii^jf,^. 
more  expansible  than  spirit  of  wine,  and  spirit  more  than  water,  and  tiTe  expsa- 
water  more  than  mercury*    Those  liquids  are  generally  most  ex-  jf^^^'^ 
pansible  which  boil  at  the  lowest  temperature.  oiJfemit. 


*  An,  de,  Chim,  et  de  Phya,  fii. 
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This  may  be  Tendered  evident  b^  p«tiallr  GUing  MTenJ  glMi  Uba  of  equal 
diuneten,  furnished  with  bulbi,  with  the  dlflerent  liquidi,  sod  pUciDE  them  in 
hot  wHler;  ai  the  liquids  Hipand,  they  niJl  rias  to  diffeicnt  beigbli  id  the  tul>ei. 

m j__  .i:_ g  apparent  the  liquids  mar  be  (rtiged  with  ■ome  colourinj 
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water^  which  msf  b«  heated  bj  a  lamp.    Fig.  24.    Or  they  may  be 
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1,  146.  Frotn  the  frequency  with  which  meicury  ia  employed  io  phi- 
losophical expeiiraeots,  it  is  important  to  know  the  exact  amount  ot 
ita  expansion.  This  subject  has  been  investigated  br  several  phi- 
losopben,  but  the  expeiimenta  of  Lavoisier  and  Laplace,  and  espe- 
cially of  Dulon;  and  Petit,  are  entitled  to  the  greatest  confidence. 
According  to  the  former,  the  actual  dilatation  of  mercury,  in  po^ 
sing  from  the  freezing  to  the  boiling  point  of  water,  amounts  to 
^fy  of  its  volume  ;  but  the  result  obtained  by  Dulong  and  Petit, 
who  found  ilitiVVb  >^  probably  still  nearer  the  truth.  Adopting 
the  last  estimate,  this  metal  dilates,  for  every  degree  of  Fahrenheit's 
thermometer,  ^^f,  of  the  bulk  which  it  occupied  at  the  temperature 
of  32°.  If  the  barometer,  for  instance,  stand  at  30  inches  when  the 
thermometer  ia  at  32°,  we  may  calculate  what  its  elevation  ought  to 
be  when  the  latter  is  at  60°,  or  at  any  other  temperature.  The  ap- 
parent expansion  of  mercury  contained  in  glass  is  of  course  less 
than  the  absolute  expansion.* 
^_  147.  All  experimenters  agree  that  liquids  expand  in  an  increasing 
1.  ratio,  or  that  equal  increments  of  heat  cause  a  greater  dilatation  at 
high  than  at  low  temperatures.  Thus,  if  a  Quid  is  healed  from  33f 
to  123°,  it  will  not  expand  so  much  as  it  would  do  io  being  heated 
from  122°  to  212°,  though  an  equal  number  of  degrees  is  added  in 
both  cases.  The  nearer  a  liquid  approaches  its  boiling  point,  the 
greater  is  its  expansibility;  hence  those  liquids  appear  most  equably 
expansible  which  have  the  highest  boiling  points,  and  hence  one  of 
the  great  advantages  of  mercury  in  constructing  thermometers. 

'Between  iha  Itmits  of  32°  and 913°  F.  Lavoiaiei  and  Laplace  sitinialelhs  apparent 
alpeusian  at  ^  and  Dulong  and  Petit  at  A.V  of  >'■  volDBe,  being  i  itai  t"'  *seh 
degree  of  Fahrenheil's  thermomeler.  Dulong  and  Petit  stale,  ibat  uw  mean 
tola!  aipannon  of  mertnry  ftom  32°  to  673°  F.  for  each  degree  is  ■BTtU ;  ""d  that 
the  mean  apparent  eipaniion  in  glass  from  33°  to  £72°  F.  for  escb  degree  is  i  lira. 
The  temperature  in  their  eipehmenls  v»  etUmated  bj  en  aii  thermometer,  wbich 
.1 !.i ir — ,_;,._,»  „f..„..„^ — •  >'na  one  of  mercmy.    The  lem- 
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148.  The  expansion  of  air  may  be  shown  by  inverling  a  tube    f^^tA.m. 
terminated  by  a  bulb,  and  partly  filled  with  water  (Fig.  26) ;  the 
air  confined  in  the  bulb  will  expand  when  heated,  and  expel  the 
water  from  the  tube. 


Fi(.  36. 
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149.  As  heat  increases  the  bulk  of  all  bodies,  it  is  obvious  that 
ohange  of  temperature  is  constantly  producing  changes  in  their  den- 
sity-or  specific  gravity,  as  may  be  easily  demonstt'ated  in  fluids  where 
there  is  freedom  of  motion  among  the  particles.  If  we  apply  heat  to 
-the  bottom  ^of  a  vessel  of  water,  that  portion  of  the  fluid,  which  is 
-nearest  to  the  source -of  heat,  is -expanded,  and  becoming  specifically 
iighter,  ascends,  and  is  replaced  by  a  colder  portion  from  above. 
This,  ia  its  turn,  becomes  heated  and  dilated,  and  gives  way  to  a 
•second  colder  portion  ;  and  thus  the  process  goes  on,  as  long  as  the 
^uid  is  capable  of  imbibing  heat     (Fig.  27.) 

•Fi9..S8. 

150.  In  air,  similar  currents  are  continually  pro- 
duced, an3  the  vibratory  motion  observed  over  chim- 
ney pots,  and  slated  roofs  AArhich  have  been  heated 
by  the  sun,  depends  upon  this  circumstance :  the 
warm  air  rises,  and  its  refracting  power  being  less 
•than  that  of  the  circumambient  -colder  air,  the  cur- 
•rents  are  rendered  visible  by  the  distortion  of  objects 
viewed  through  them.  This  is  easily  illustrated  by 
placing  a  spiral  of  4)asteboard  4ipon  a  wire  over  an 
Argand  lamp,  or  at  the  side  of  m  stove  pipe.* 

The  ventilation  of  rooms  and  buildings  can 
only  he  perfectly  efiected  byaufiering  the  heated  and 
foul  air  to  pass  off  through  apertures  in  the  ceiling, 
while  fresh  air,  of  any  desired  temperature^  is  ad- 
mitted from  below. t 

151.  As  the  particles  of  air  and  aeriform  substances  are  not  held 
together  by  cohesion,  they  are  found  to  dilate  from  equal  additions 
of  heat  much  more  than  solids  or  liquids.  Now,  chemists  are  in  the 
habit  of  estimating  the  quantity  of  the  gases  employed  in  their  expe- 
riments by  measuring  them  ;  and  since  the  volume  occupied  by  any 

'^Advantageis  taken  of  this  in  beating  apartments  by  furnaces  placed  in  cellars. 
Cold  air  being  brought  in  contact  with  the  surface  of  heated  metal,  and  allowed  to  as- 
cend throogh  pipes  mto  the  apartments. 

t  Various  contriTanoes  have  been  resorted  to,  to  preTent  the  passage  of  cold  air 
from  aboTC  downwards  through  the  Tentilator,  which  can  only  be  completely  effected 
by  keeping  the  Tentilating  tubes  at  a  higher  temperature  than  the  surrounding  air ; 
heating  them,  for  instance,  by  steam ;  passing  them  through  a  fire ;  or  placing  a  lamp 
beoeatli  them,  of  sufficient  dimensions  to  cause  a  strong  current  upwaras. 
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Caloric. 


Ch>p  I.  gas  is  80  much  influenced  by  temperature,  it  is  essential  to  accuracy 
that  a  due  correction  be  made  for  the  yariations  arising  from  this 
cause ;  that  they  should  know  how  much  dilatation  is  produced 
by  each  degree  of  the  thermometer,  whether  the  rate  of  expansion  is 
uniform  at  all  temperatures,  and  whether  that  ratio  is  the  same  in  all 
gases. 

152.  All  gases  undergo  equal  expansions  by  the  same  addition  of 
heat,  supposing  them  placed  under  the  same  circumstances  ;  so  that  it 
is  sufficient  to  ascertain  the  law  of  expansion  observed  by  any  one 
gas,  in  order  to  know  the  law  for  all.'*^ 
Peculiar ef-  153.  There  is  a  peculiarity  in  the  effect  of  heat  upon  the  bulk  of 
fectofhettgQiQQ  fluids,  namely,  that  at  a  certain  temperature,  increase  of  heat 
causes  them  to  contract,  and  its  diminution  makes  them  expand. 
This  singular  exception  is  only  observable  in  those  liquids  which  ac- 
quire an  increase  of  bulk  in  passing  from  the  liquid  to  the  solid 
state,  and  is  remarked  only  within  a  few  degrees  of  temperature 
above  their  point  of  congelation.  Water  is  a  noted  example  of  it. 
Ice  swims  upon  the  surface  of  water,  and,  therefore,  must  be 
lighter  than  it,  which  is  a  convincing  proof  that  water,  at  the  mo- 
ment of  freezing,  must  expand.  The  increase  is  estimated  by  Boyle 
at  about  j>th  of  its  volume,  which  gives  900  as  the  specific  gravity 


*It  appe&ra  from  tbe  experiments  of  Gay  Loseac,  that  100  parts  of  air,  in  being  heat- 
ed from  32®  to  212**  P.,  expand  to  137.6  parts.    The  increase  for  190  degrees  is, 

therefore,  0.375  or  i^ths  of  its  bulk :  and  by  dividing  this  namber  by  180,  it  is  ibond 

that  a  given  quantity  of  dry  air  dilates  to  r^^^  ^^  ^^^  Tolume  it  occupied  at  32®,  for 
everr  degree  of  Fshrenheit's  thermometer. 

Tnis  point  being  established,  it  is  easy  to  ascertain  what  volume  any  given  Quantity 
of  gas  should  occupy  at  any  given  temperature.  Suppose  a  certain  portion  of  gas  to 
occupy  20  measures  of  a  graduated  tube  at  32®,  it  may  be  desirable  to  determine  what 

would  be  its  bulk  at  42®.    For  every  degree  of  heat  it  has  increased  hv  riath  of  its 
original  volume,  and,  therefore,  siuoe  vkfn  increase  amounts  to  ten  degrees,  the  20 

measures  wiU  have  dilated  by  iVVths.  The  expression  will ,  therefore,  be  2O-h20  X  :^^ 
=20.416.  It  must  not  be  forgotten  that  the  volume  which  the  gas  occupies  at  32®  is 
a  necessary  element  in  all  such  calculations.  Thus,  having  20.416  measures  of 
gas  at  42®,  the  corresponding  bulk  for  62®  cannot  be  calculated  by  the  formula 

20.416+20.41611^^ ;    the  real  expressioB  is  20+20.416^^%^,  because  the  increasa 

is  ool^  i^VWths  of  the  space  occupied  at  32®,  which  is  20  measures.'*  .    .   •  u 

A  similar  remark  applies  to  the  formula  for  estimating  the  effect  of  heat  on  the  height 

of  the  barometer. 
The  rate  of  expahsion  of  atmospheric  air  at  temperatures  exceedisg  212®  has  been 

examined  by  Dulong  and  Petit,  and  the  following  table  contains  the  result  ot  their  ob- 

.servatioos.    {An.  deCh.tide  Ph.  vii.  120.) 


Temperature  by  the  Mercurial 
Tbermometer. 

Correspondiof 
Tolumesof  a 
given  volume 
of  air. 

Fahrenheiu 

Cantigmda. 

—  33 
32 
212 
302 
392 
482 
672 
Merenry  boils  660 

—  36 
0 
100 
160 
200 
260 
800 
360 

0.8660 
1U>000 
1.3760 
1.6576 
1.7389 
1.8189 
2.0976 
2.3126 

*  See  Formul*,  Taroer,  21. 


Titnpirgtme,  ^ 

of  icct  that  of  water  being  lOOO.*    Dalton  estimates  the  specific  gra-    ^^a  m. 

vity  of  ice  at  9.42.     Water  has  attained  its  maximum  of  density  at  Water,  iu 

about  39''t,  and  if  it  be  cooled  below  39°  it  expands  as  the  tempera-  J^Jj?^'*™ 

ture  diminishes,  as  it  does  when  heated  above  that  point.  ^' 

Immene  two  tbermometer  tub^  one  conttinio^  spiritg  of  wine  and  the  other  ^zp. 
water,  into  melting  snow  ;  the  former  will  sink  till  it  indicates  32°  F.,  but  the 
latter,  when  it  haa  nearly  attained  39"-*  F.,  will  beein  to  eispand,  and  continue  to 
do  so  till  it  freezes.    Or,  fill  a  flask  capable  of  holding  three  or  four  ounces,  witli 
water  at  the  temperature  of  60°  F.  and  adapt  a  cork  to  it,  through  which  paesea  a 

J^lass  tube  open  at  both  ends,  about  the  eighth  of  an  inch  wide,  and  ten  inches 
ong.  Aher  havinc  filled  the  flask,  insert  tne  cork  and  tube,  and  pour  a  little  wa- 
ter mto  the  latter  till  the  liquid  rises  to  the  middle  of  it.  On  immersing  the  flask 
in  a  mixtare  of  pounded  ice  and  salt,  the  water  will  fail  in  the  tube,  marking  con- 
tractipn;  but  in  a  short  time  an  opposite  movement  will  be  perceived,  indicating 
that  expansion  is  taking  place,  while  the  water  withi^  the  flask  is  at  the  same 
time  yielding  caloric  to  the  freezing  mixture  on  the  outside  of  it. 

This  anomaly  in  respect  to  water  is  productive  of  very  important  ^°*PK^ 
consequences,  in  preserving  the  depths  of  rivers  and  lake$  of  a  tern- in  this 
perature  congenial  to  their  inhabitants.  anomaly. 

164.  The  most  remarkable  circumstance  attending  this  expansion,  ^gg^* 
is  the  prodigious  force  with  which  it  is  effected.  Boyle  filled  a  brass  ^"^  ^* 
tube,  three  inches  in  diameter,  with  water,  and  confined  it  by  means 
of  a  moveable  plug ;  the  expansion,  when  it  froze,  took  place  with 
such  violence  as  to  pu$h  out  the  plug,  thqugh  preserved  in  its  situa* 
Uon  by  a  weight  equal  to  74  pounds.  The  Florentine  Academicians 
burst  a  hollow  brass  globe,  whose  cavity  wa$  only  an  inch  in  diame- 
ter, by  freezing  the  water  with  which  it  wa$  filled ;  and  it  h^a  been 
estimated  that  the  expansive  power  necessary  to  produce  such  an 
effect  was  equal  to  a  pressure  of  27,720  pounds  weight.  Major 
Williams  gave  ample  confirmation  of  the  same  fact  by  som(^  experi- 
ment which  he  performed  at  Quebec  in  the  years  1784  and  17854 
Glass  bottles,  lead  and  iron  pipes,  &c.,  in  which  water  flr^ezes,  are 
often  ruptured. 

l/»5.  Water  is  not  the  only  liquid  which  expands  undei:  reduction  Other 
of  temperature,  as  the  same  effect  has  been  observed  in  a  few  others  **■*"» 
which  assume  a  highly  crystalline  structure  on  becoming  solid  : — 
fused  iron,  antimony,  zinc,  and  bismuth  are  examples  of  it.     Mer- 
curv  is  a  remarkable  instance  of  the  reverse ;  for  when  it  freezes,  it 
suffers  a  very  great  contraction  (31  note.) 

156.  The  cause  of  the  expansion  of  water  at  the  moment  of  freez-  Canst, 
iog  is  attributed  to  a  new  and  peculiar  arrangement  of  its  particles. 

Ice  is  in  reality  crystallized  water,  and  during  its  formation  the  par- 
ticles arrange  themselves  in  ranks  and  lines,  which  cross  each  other 
at  angles  of  60°  and  120°,  and  consequently  occupy  more  space  than  . 
when  liquid.  This  may  be  seen  by  examining  the  surface  of  water 
while  freezing  in  a  saucer.  Ifo  very  satisfactory  reason  can  be  as- 
signed for  the  expansion  which  takes  place  previous  to  congelation. 

157.  The  state  of  a  body  with  respect  to  its  power  of  producing  Tempera- 
the  effects  which  arise  from  the  operation  of  caloric,  is  termed  its  ^^^ 


*  Experiments  on  Cold. 

t  Hallstrom  An.  de  CMm.  et  Phys.  xxviii,  90,  whose  experiments  were  made  with 
great  care.  According  to  the  more  recent  experiments  of  Stampfer  38.76  and  to  those 
of  Criehton  38-97.    Johnston's  Report  in  Ist  Report  of  the  BriUah  Attodation' 

tPhU.TVan9,Ed.u,23, 
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obap,h  temperature.  In  every  body  the  temperature  depends  on  the  qaan* 
tity  of  caloric  which  it  contains,  and  the  temperature  is  said  to  be 
high  or  low  as  it  respects  another  body,  in  proportion  m<;  it  occasions 
an  expansion  or  contraction  of  its  parts. 
LmperfeeUj  158.  The  temperature  of  bodies  can  be  but  imperfectly  estimated 
.  by  the  sensation  of  heat  or  cold  they  produce,  the  sensation  being 
modified  by  preceding  impressions  upon  the  sentient  organ  and  other 
external  circumstances.  Hence  the  necessity  of  some  commoa 
measure  of  temperature,  as  by  means  of  the  Thernuymeter. 

159.  The  principle  on  which  the  thermometer  indicates  tempera- 
ture, is,  that  caloric  has  a  tendency  always  to  preserve  an  equilibria 
um ;  so  that  if  two  bodies  at  difierent  temperatures,  be  brought  into 
contact,  it  will  pass  from  the  one  at  the  higher  into  that  at  the  lower 
temperature,  until  the  temperature  of  both  is  the  same.  Thus,  if 
we  mix  equal  quantities  of  the  same  fluid  at  different  temperatures, 
the  cold  portion  will  expand  as  much  as  the  hot  portion  contracts, 
and  the  resulting  temperature  is  the  mean  ;  so  that  it  appears,  that 
as  much  heat  as  is  lost  by  the  one  portion  is  gained  by  the  other. 

160.  A  common  thermometer  consists  of  a  tube  terminated  at  one 
end  by  a  bulb,  and  hermetically  closed  at  the  other.  The  bulb  and 
part  of  the  tube  are  filled  with  an  appropriate  liquid,  which  when 
designed  to  measure  very  )ow  temperatures,  is  spirit  of  wine; 
under  other  circumstances  quicksilver  is  better  adapted  for  the 
purpose.*  A  graduated  scalet  is  attached  to  the  stem ;  and 
whenever  the  instrument  is  applied  to  bodies  of  a  higher  tempera* 
ture,  the  mercury  or  spirit  expands  and  rises  in  the  tube. 

161.  In  dividing  the  scale  of  a  thermometer,  the  two  fixed  points 
usually  resorted  to  are  the  freezing  and  boiling  of  water,  which  al« 
ways  take  place  at  the  same  temperature,  when  under  the  same  at- 
imospheric  pressure.  The  intermediate  part  of  the  scale  is  divided 
into  any  convenient  number  of  degrees ;  and  it  is  obvious,  that 
.dl  thermometers  thus  constructed  will  indicate  the  same  degree 
of  heat  when  exposed  to  the  same  temperature.  In  the  centigrade 
thermometer,  this  space  is  divided  into  100** ;  the  freezing  of  water 
being  marked  0*,  the  boiling  point  100*.  In  this  country  we  use 
Fahrenheit's  sc»le  of  which  the  0**  is  placed  at  32**  below  the  freez- 
ing of  water,  which,  therefore,  is  marked  32**,  and  the  boiling  point 
212",  the  intermediate  space  being  divided  into  180**.  Another  scale 
is  Reaumur's  ;  the  freezing  point  is  0",  the  boiling  point  80*.  These 
lire  the  principal  thermometers  used  in  Europe  and  this  country.^ 


Gndua 

tiOD. 


Flf.tti 


»  QoicksilTer  will  indicate  600<'  P.  bat  freeses  at  — S^**. 

t  As  the  chemist  will  oflen  hare  occasion  to  employ  the  thermometer  for  as- 
oertaining  the  temperature  of  corrosiTe  liquids,  toe  graduated  scale  should 
be  proTioed  with  a  hinge,  so  as  to  double  back,  and  leave  the  bulb  exposed, 
as  shown  in  Fig.  29. 

t  For  the  method  of  constructing  thermometers  see  Faraday's  Mamipu- 
Miim^  and  for  those  of  great  sensibuity,  Quor^.  Jowr^  qf  <Sb».  vii.  ]».  183. 
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163.  Each  degree  of  Fahrenheit's  scale  is  equal  to  f  tfas  of  a  degree   8»et''n- 
on  Seaumur's :  if,  therefore,  the  number  of  degrees  on  Fahrenheit's  Roles  for 
scale  above  or  below  the  freezing  of  water  be  multiplied  by  4  and  ^^"°^. 
divided  by  9,  the  quotient  will  be   the  corresponding  degree  ofryther- 
Beaumur,  mometan. 

Fahrenheit.  Beaumw, 

68®— 32®—  36X4:^144-*-9=16° 
212«— 32®=  1 80  X  4=r20-4-9ac80«»* 

163.  M.  Bellain  has  observed  that  mercurial  thermometers  slowly  Change  of 
change  their  point  of  zero,  which  uniformly  becomes  higher  than  at"">* 

the  time  of  graduation.  This  phenomenon  appears  owing  to  a  di- 
miiished  capacity  of  the  bulb  due  to  the  atmosphere  continually 
pressing  on  its  exterior,  while  a  vacuum  exists  in  the  interior  of  the 
tube ;  for  it  has  not  been  noticed  either  in  mercurial  thermometers 
which  are  unsealed,  or  in  thermometers  made  with  alcohol.  The 
principal  contraction  ensues  soon  after  the  tube  is  sealed,  and  hence 
some  months  should  be  permitted  to  elapse  between  the  sealing  and 
graduation  of  a  thermometer.! 

164.  Air   is  sometimes  resorted  to  as  indicating  very  small  Air  ther- 
changes  of  temperature.      The    instrument    employed  by  Sane- ™°™***"' 
torio,  to  whom  the    invention   of   the    thermometer  is  generally 
ascribed,  was   of   a  very  simple  kind,  and  measured  variations 

of  temperature  by  the  variable  expansion  of  a  confined  portion 

*  To  reduce  the  deg^rees  of  ReaoiQar  to  those  of  Fahrenheit,  they  are  to  be  multi- 
plied by  9,  and  diTidra  by  4. 

Reaumur,  fhhrenheit. 

I60X9s144+4b  36<4-320=  ^ 
80*»X9^720-*'4— l80<H-32®,s212 

Every  degree  n(  Fahrenheit's  is  equal  to  |-th8  of  a  degree  on  the  centigrade  scale ; 
the  reductioa  therefore  is  as  follows : 

Fakrenheii.  Centigrade. 

212«-32= 1 80  X  6=;900-4-9=:  1 00^ 

Centigrade.  Fahrenheit. 

100X9=5;900-^6=180+32=212» 


CerrMpondlaf  I 
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Fahr. 

Cent. 

Beaom. 

Fahr. 

Cent. 

Reaum. 

Fahr. 

Cent. 

Reaum* 

212 

100 

80 

113 

46 

36 

14 

-10 

.  -  8 

203 

96 

76 

104 

40 

32 

6 

-16 

-12 

194 

90 

72 

96 

36 

2d 

-  4 

-20 

-16 

186 

86 

68 

86 

30 

24 

-13 

-26 

-20 

176 

80 

64 

77 

26 

20 

-22 

-80 

-24 

167 

76 

60 

68 

20 

16 

-31 

-86 

-28 

168 

70 

66 

69 

16 

12 

-40 

-40 

-32 

149 

66 

62 

60 

10 

a 

140^ 

60 

48 

41 

6 

4 

13ll 

66 

44 

32 

0 

0 

124 

60 

40 

23 

-6 

-4 

i  An.  de.  Ch.  et  de  Ph,  Tii.  330. 


40  Cohrie. 

oh>p-i«  of  air.  This  iastrument  is  repre«ented  in  the  margin.  It  consists 
of  a  glass  tube,  eighteen  inches  long,  open  at  one  end,  and  Fig.  so. 
blown  into  a  ball  at  the  other.  If  a  warm  hand  be  applied  O 
to  the  ball,  the  included  air  will  expand,  and  a  portion  be  ex- 
pelled through  the  open  end  of  the  tube.  And  if  in  this  stale 
the  aperture  is  quickly  immersed  in  a  cup  filled  with  some 
coloured  liquid,  it  will  ascend  in  the  tube,  as  the  air  in  the  ball 
contracts  by  cooling ;  and  its  altitude  will  in  every  case  depend 
upon  the  degree  of  e^^pansion  which  the  air  has  previously 
undergone.  In  this  manner  it  is  prepared  for  use,  and  will 
indicate  increase  of  temperature  by  the  descent  of  its  fluid, 
and  vice  versa.  These  effects  may  be  exhibited,  alternately 
by  applying  the  hand  to  the  ball,  and  then  blowing  on  it  with  a  pair 
of  bellows.  The  amount  of  the  expansion  or  contraction  is  measur- 
ed by  a  graduated  scale  attached  to  the  stem  of  the  instrument. 
AdTanta-  165.  The  advantages  of  the  Air  Thermometer  consist  in  the  great 
***  ^ '  amount  of  the  expansion  of  air,  when  compared  with  that  of  any 
liquid ;  by  which  it  is  enabled  \o  detect  minute  changes  of  tempera- 
ture, which  the  mercurial  thermometer  would  scarcely  discover ;  for 
air  is  increased  in  volume  by  a  given  elevation  of  temperature,  about 
twenty  times  more  than  quicksilver.  The  advantages,  however, 
which  attend  this  excessive  delicacy  are  counterbalanced  by  sever- 
al serious  objections.  It  will  be  readily  seen,  for  instance,  that  the 
air  thermometer  will  not  only  be  affected  by  changes  of  temperature, 
but  by  variations  of  atmospheric  pressure. 

Letlie'i.  166.  Leslie,  under  the  name  of  the  2>i^ere7itia2  TAer-  Q  Q 
mometerf  employed  a  modification  of  the  air  thermome-  Y  4^ 
ter  invented  by  Sturmius.*  It  consists  of  two  glass- 
tubes  of  unequal  length,  each  terminating  in  a  hollow 
ball>  as  represented  in  Fig.  31,  which  are  united  by  a 
bent  tube  containing  coloured  sulphuric  acid.  When- 
ever a  hot  body  approaches  one  of  the  bulbs,  it  must  ne- 
essarily  drive  the  fluid  towards  the  other.  It  is  evident 
then  that  this  instrument  cannot  be  employed  to  measure 
variations  in  the  temperature  of  the  surrounding  atmos- 
phere, because,  as  long  as  both  balls  are  of  the  same  temperature, 
whatever  this  may  be,  the  air  contained  in  both  will  have  the  same 
elasticity,  and  consequently,  the  included  coloured  liquor,  being 
pressed  equally  in  opposite  directions,  must  remain  stationa- 
ry. If,  however,  any  change  of  temperature  is  effected 
in  one  of  the  balls,  the  instrument  will  immediately  indi- 
cate this  differefice  with  the  greatest  nicety.  The  amount 
of  this  effect  is  ascertained  by  a  graduated  scale,  the  in- 
terval between  freezing  and  boiling  being  divided  into 
100  equal  degrees.  This  thermometer  is  peculiarly 
adapted  to  ascertain  the  difference  of  the  temperatures  of 
two  contiguous  spots  in  the  'same  atmosphere. 

Howard's.      A  differential  thermometer  has  been  contrived  by  How- 
ard resembling  the  above  in  its  general  form,  (Fig.  32)  but  in 

*  See  a  deaeriptioii  and  sketch  in  hit  CoUegium  Ocriontm,  p.  64  ;  pablished  in  1676. 
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which  the  degree  of  beat  is  measured  by  the  expansiTe  force  of   Sacuni. 

the  Tapour  of  ether,  or  spirit  of  wine,  in  vacuo.^    It  is  intended 

to  be  applied  to  the  same  purposes  as  that  of  Leslie,  but  is  more 

sensible    to  changes   of  temperature,  and    the  movement  of  the 

fluid  follows   instantaneously  the  application  of  the  heating  cause, 

whereas  in  the  air  thermometer  some  time  is  required  before  the 

effect  takes  place. 

167.  Different  methods  have  been  recommended  for  ascertaining  self-rens- 

the  highest  or  lowest  temperature  that  may  occur  during  any  parti-  tering  u«p- 

cular  period,  as  during  the  night*  when  there  is  no  one  present  to  ob-  "°°^* 

serve  it.     The  simplest  contrivance  of  this  kind  is  the  following : 

It  coDusts  of  two  thermometen  (Fig.  33),  a  spint  of  wine  and  a  mercurial  one, 
the  former  for  ascertaininff  the  lowest,  the 
latter  the  highest  heat    In  the  tube  of  the  ^'S-  33* 

fonner  is  placed  a  amall  piece  of  white  ena-  C5» 

mel,  which,  as  the  fltnd  contracts,  ia  brought 
along  with  it^  but  on  its  again  expanding  does 
not  take  it  with  it;  it  leaves  it  at  the  place  to 
which  it  had  carried  it^  and  thus  the  lowest 
temperature  that  had  happened  is  pointed 

out.  In  the  tube  of  the  latter  is  placed  a  small  piece  of  a  needle,  so  as  just  to 
rest  on  the  mercury.  As  the  fluid  expands,  it  pushes  the  needle  before  it  and 
on  a^n  contracting,  it  leaves  it  at  that  piut  to  which  it  had  carried  it,  so  that 
in  this  way  the  highest  temperature  is  ascertained.  These  thermometers  are 
fixed  on  a  board,  with  the  bails  at  opposite  sides,  the  mercurial  one  horizontally, 
the  one  with  spirit  of  wine  with  the  ball  inclined  downwards,  so  that,  when  we  wish 
to  set  them,  by  raising  the  tide  next  the  spirit  ball,  the  enamel  and  needle  will 
come  to  the  surfaoel  of  the  fluids. 

Six's  thermometer  (Fig.  34),  has  the  bulb  in  the  form  of  a  long  cylin- 
der, the  tube  is  bent  down  parallel  with  the  cylinder  and  paasins  under 
it,  rises  in  a  parallel  direction  to  the  top  on  the  other  side ;  the  Imlb  is 
usually  filled  with  Bpihts  of  wine,  which  is  in  contact  with  a  portion  of 
mercury  occupying  the  lower  part  of  the  tube,  and  the  mercury  is  suc- 
ceeded by  a  second  oortion  of  spirit.  The  mercury  carries  an  index 
upon  eacn  of  its  surfaces;  when  the  fluid  in  the  cylinder  contracts  by 
cold,  the  index  on  the  left  aide  will  be  pressed  upwards,  as  long  as  the 
heat  decreases,  and  will  be  retained  at  its  greatest  height  by  a  weak 
spring.  When  the  fluid  in  the  cylinder  expands  by  heat,  it  must  press 
upon  the  surface  of  the  mercury  in  the  len  side  or  the  tube,  forcing  it 
to  rise  higher  in  the  right  side  :  as  long  as  the  heat  continues  to  increase, 
the  index  will  rise  on  the  surface  of  the  mercury  in  the  right  side  of  the 
tube,  and  will  be  retained  at  the  greatest  height  oy  its  spring :  it  must  be 
obvious,  therefore,  that  the  index  on  the  side  opposite  the  left  hand  will 
indicate  the  greatest  degree  of  cold,  in  any  given  time,  and  the  one  on 
the  riffhtt  the  greatest  degree  of  heat  The  indexes  being  of  iron  or  steel, 
may  be  brought  back  to  their  places  by  a  magnet,  applied  to  the  outside  of 
the  tube. 

168.  Though  the  thermometer  is  a  most  valuable  instrument,  the  Amount  of 
sum  of  information  which  it  conveys  is  very  small.     It  only  indicates  |pfo«™tio» 
that  condition  of  bodies  in  whic(i  they  affect  the  senses  with  an  im-  mometer.' 
pression  of  heat  or  cold,  and  which  is  expressed  by  the  word  temper^ 
ature.    It  does  indeed  point  out  a  difference  in  the  temperature  of 
two  or  more  substances  with  great  nicety  ;  but  it  does  not  indicate 
how  much  heat  any  body  contains.     We  learn  by  it  whether  the 
temperature  of  one  body  is  greater  or  less  than  that  of  another ;  and 
if  there  is  a  difference,  it  is  expressed  numerically,  namelv,  by  the 
degrees  of  an  arbitrary  scale,  selected  for  convenience,  without  any 
reference  whatever  to  the  actual  quantity  of  heat  present  in  bodies. 


**  Directions  for  oonatnictiDg  it  an  given  in  the  Stfa  vol.  of  the  Qutari.  Jour,  of  ScL 
p.  219. 
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ciMq).L       169.  The  relative  quantities  of  heat  which  difierent  bodies  in  the 
Specific  ca-  same  state  require  to  raise  them  to  the  same  thermometric  tempera* 
loric.         ture,  is  called  their  tpecyic  heat,  and  those  bodies  which  require 
most  heat  are  said  to  have  the  greatest  capacity  for  heat.     That  the 
quantity  of  heat  in  different  bodies  of  the  same  temperature  is  dif- 
ferent, was  first- shown  by  Black,  in  1769. 
£xp.  Mix  together  eqaal  quantities  of  water,  one  portion  being  at  100°  and  the  other 

at  60°,  the  temperature  of  the  mixture  will  be  the  arithmetical  mean  or  75° ; 
that  is,  the  25  de^ees  lost  by  the  warm  water  will  exactly  suffice  to  heat  the  cold 
water  by  the  same  number  of  degrees. 

It  is  hence  inferred,  that  equal  weights  or  measures  of  water  of 
the  same  temperature  contain  equal  quantities  of  heat;  and  the  same 
is  found  to  be  true  of  other  bodies.  But  if  equal  weights  or  equal 
bulks  of  different  substances  are  employed,  the  result  will  be  different. 

2xp.  Thus,  if  a  pint  of  mercury  at  100°  be  mixed  with  a  pint  of  water  at  40°,  the 

mixture  will  nave  a  temperature  of  60°,  so  that  the  40  degrees  lost  by  ihe  for- 
mer, heated  the  latter  by  20  degrees  only  ;  and  when,  reversing  the  experiment, 
the  water  is  at  100°  and  the  mercury  at  40°,  the  mixmre  wiU  be  at  80°^  the  20 
degrees  lost  by  the  former  causing  a  rise  of  40  in  the  latter. 

The  fact  is  still  more  strikingly  displayed  by  substituting  equal 
weights  for  measures. 
Different         ^^^*  '^  appears  that  the  same  quantity  of  heat  imparts  twice  as 
qaantitiea    high  a  temperature  to  mercury  as  to  an  equal  volume  of  water  ;   a 
^^^llSV'  sirailar  proportion  is  observed  with  respect  to  equal  weights  of  sper- 
Sodies.  ^    niaceti   oil  and  water ;  and  that  the  heat  which  gives  5  degrees  to 
water  will  raise  an  equal  weight  of  mercury  by  116  degrees,  being 
the  ratio  of  1  to  23.     Hence  if  equal  quantities  of  best  be  added  to 
equal  weights  of  water,  spermaceti  oil,  and  mercury,  their  tempera- 
tures in  relation  to  each  other  will  be  expressed  by  the  numbers  1, 2, 
and  23 ;  or,  what  amounts  to  the  same,  in  order  to  increase  the  tem- 
perature of  equal  weights  of  those  substances  to  the  same  extent,  the 
water  will  require  23  times  as  much  heat  as  the  mercury,  and  twice 
as  much  as  the  oil.   t.  39. 

This  may  be  illustrated  by  an  inge*-  ^    Ht-^SR. 

nious  apparatus  contrived  by  Bache. 
Three  vessels  of  sheet  iron,  (Fig.  35)  to 
contain  equal  toeighte  of  mercury,  alco* 
hoi,  and  water,  are  attached  to  a  frame, 
by  which  they  can  be  dipped  into  the  same 
vessel  containing  hot  water.  An  alcohol 
thermometer,  with  a  large  column  of  fluid,  dips  into  each  vessel.  As 
the  heat  enters,  the  thermometer  in  the  mercury  rises  with  great  ra- 
pidity, that  in  the  alcohol  more  slowly,  and  that  in  the  water  still 
more  so.* 

171.  The  same  knowledge  may  be  obtained  by  reversing  the  pro- 
cess ;  by  noting  the  relative  quantities  of  caloric  which  bodies  give 
out  in  cooling ;  for  if  water  requires  23  times  more  caloric  than  mer- 
cury to  raise  its  temperature  1  or  more  degrees,  it  mast  also  lose  23 
times  as  much  in  cooling.  The  calorimeter^  invented  and  employed 
by  Lavoisier  and  La  Place,  acts  on  this  principle.! 

*  Cylinders  of  cooper,  coated  with  a  ▼amish  of  thickened  linseed  oil  to  protect  the 
sorface,  may  be  suostilated  for  the  thermometers,  phospboms,  placed  on  the  top  of 
each,  will  inflame  first  on  the  cylinder  in  the  liquid  having  the  least  capacity  for  heat. 
Amor,  Jour,  zxviii.  384.  t  See  LaToisier'a  Elemem»  fnf  Chemittry, 
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172.  The  siugular  fact  of  substances  of  equal  temperature,  coo-    Sactiii. 
taining  unequal  quantities  of  heat,  naturally  excjtes  speculation  about  Cause, 
its  cause,  and  various  .attempts  have  been  made  to  account  for  it. 

The  explanation  deduced  from  the  views  of  Black  is  the  following. 
He  conceived  that  heat  exists  in  bodies  in  two  opposite  states  :  in 
one  it  is  supposed  to  be  in  chemical  combination,  exhibiting  none  of 
its  ordinary  characters,  and  remaining  as  it  were  concealed,  without 
evincing  any  signs  of  its  presence;  in  the  other,  it  is  free  and  un- 
combined,  passing  readily  from  one  substance  to  another,  affecting 
the  senses  in  its  passage,  determining  the  height  of  the  .thermometer, 
and  in  a  word  giving  rise  to  all  the  phenomena  which  are  attributed 
to  this  active  principle.* 

173.  The  capacities  of  bodies  for  heat  have  considerable  influence  Heating 
upon  the  rate  at  which  they  are  heated  and  cooled.  Those  bodies  which  and  cooling 
are  most  slowly  heated  and  cooled,  have  generally  the  greatest  ^^pa-  9*^^'". 
city  for  heat.     Thus,  if  equal  quantities  of  water  and  quicksilver  bebycapae- 
placed  at  equal  distances  from  the  fire,  the  quicksilver  will  be  more  i^T* 
rapidly  heated  than  the  water,  and  the  metal  will  cool  most  rapidly 

when  carried  to  a  cold  place.     Upon  this  principle,  Leslie  ingeniously  Lesii«», 
determined  the  specific  heat  of  bodies,  ooserving  their  relative  times  method, 
of  cooling  a  certain  number  of  degrees  comparatively  with  water, 
under  similar  circumstances, 

174.  The  determination  of  the  specific  heat  of  gaseous  substances  Specifie 
IS  a  problem  of  importance,  and  has  accordingly  occupied  the  atten-  *****  ^^ 
tion  of  several  experimenters  of  great  science  and  practical  skill ;  *'****" 
but  the  inquiry  is  beset  with  so  many  difficulties  that,  in  spite  of  the 
talent  which  has  been  devoted  to  it,  our  best  results  can  be  viewed  as 
approximations  only,  requiring  to  be  corrected  by  future  research.t 

175.  The  circumstances  which  merit  particular  notice,  concerning  ciicum- 
the  specific  beat  of  bodies,  have  been  arranged  by  Turner  under  the  ftances  to 
eight  following  heads  :—  ^  "*'*«^*^ 

1.  Every  substance  has  a  specific  heat  peculiar  to  itself;  whence 
it  follows,  that  a  change  of  composition  will  be  attended  by  a  change 
of  capacity  for  heat. 

2.  The  specific  heat  of  a  body  varies  with  its  form,  A  solid  has 
a  smaller  capacity  for  heat  than  the  same  substance  when  in  the  state 
of  a  liquid.  , 

3.  W  hen  a  given  weight  of  any  gas  is  made  to  vary  in  density 
and  volume  while  its  elasticity  is  unchanged,  as  when  air  confined  in 
a  tube  over  mercury  is  heated  and  sufilered  to  expand  without  varia- 
tion of  pressure,  the  specific  heat  is  believed  to  remain  constant. 

4.  Of  the  specific  heat  of  equal  volumes  of  the  same  gas  at  a  vary^ 
ing  density  and  elasticity,  as  when  air  is  forced  into  a  bottle  with 
different  degrees  of  force,  nothing  certain  has  been  established. 

5.  The  specific  heat  of  equal  weights  of  the  same  gas  varies  as 
the  density  and  elasticity  vary. 

6.  The  specific  heat  of  solids  and  liquids  was  formerly  thought  to 
be  constant  at  all  temperatures,  so  long  as  they  suffer  no  change  of 
form  or  composition.     Dalton,  however,  (Chemical  Philosophy,  part 

*  For  objections  to  this  theory,aee  note  by  Bache,  p.  30,  Turner's  EUements,  Am.  ed. 

t  For  a  Tiew  of  the  experiments  of  Crawford,  Lavoisier,  Duiong,  and  others,  on  this 
sttbjecC,  sea  T\imer*§  BlementMf  p.  31. 
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Chap.  I.  I.  p.  60,)  endeavours  to  show  that  the  specific  heat  of  such  bodies  is 
greater  in  high  than  at  low  temperatures ;  and  Petit  and  Dulong 
have  proved  it  experimentally  with  respect  to  several  of  them. 

It  is  difficult  to  determine  whether  the  increased  specific  heat  ob- 
served in  solids  and  liauids  at  high  temperatures  is  owing  to  the  ac- 
cumulation of  heat  within  them,  or  to  their  dilatation.  It  is  ascribed 
in  general  to  the  latter. 
DilBtatioQ  176."^ Change  of  specific  heat  always  occasions  a  change  of  tem- 
ofair,du:.  peratufe.  Increase  in  the  former  is  attended  by  diminution  of  the 
latter  :  and  decrease  in  the  former  by  increase  of  the  latter. 

^  Fig.  38. 

Ryp  Thus  when  air,  confined  within  a  flaccid  bladder,  is  suddenly  dilated  by     ^ 

means  of  the  air-pump,  a  thermometer  placed  in  it  will  indicate  the  pro-  ■ 
duction  of  cold.  On  the  contrary,  wnen  air  is  compressed,  the  corres- 
ponding diminution  of  its  specific  heat  gives  rise  to  increase  of  tempera- 
ture ;  nay,  so  much  heat  is  evolved  when  the  compression  is  sudden  and 
forcible,  that  tinder  may  be  kindled  by  it.  This  is  illustrated  by  a  brass 
■yrince  furnished  at  one  end  with  a  stop  cock  havitig  a  small  cham- 
ber in  which  tinder,  or  what  is  better,  a  small  piece  of  phosphorus 
wrapped  in  tow,  is  placed.  By  suddenly  comoressing  the  piston  j  the 
tinder  takes  fire  on  opening  the  stop  cock.  Or  the  tinder  may  be  placed 
in  a  cavity,  in  the  end  of  the  piston. 

The  explanation  of  these  facts  is  obvious.     In  the  first  case,    ^ 
a  quantity  of  heat  becomes  insensible^  which  was  previously  in 
a  sensible  state ;  in  the  second,  heat  is  evolved,  which  Ivas  pre- 
viously latent.  l^ 
Relation  of^  A  curious  relation  between  the  specific  heat  of  some  ele-  D® 
specific       mentary  substances  and  their  atomic  weight  was  discovered  by  Du- 
weight.      long  and  Petit ;  namely,  that  the  product  of  the  specific  heat  of  each 

element  by  the  weight  of  its  atom  is  a  constant  quantity. 
Forms  and      177.  Heat  has  great  influence  on  the  forms  or  states  of  bodies, 
atates  of     When  we  heat  a  solid  it  becomes  fluid  or  gaseous,  and  liquids  are 
fl^gp^ by  converted  into  aeriform  bodies  or  vapours.     Black  investigated  this 
cobric       eflfect  of.heat  with  singular   felicity."*     During   the  liquefaction   of 
bodies,  a  quantity  of  heat,  which  is  essential  to  the  state  of  fluidity, 
and  which  is  therefore  often  called  the  heat  of  Jluidity,  is  absorbed, 
without  increasing  the  sensible  or  thermometric  temperature.     Con- 
sequently, if  a  cold  solid  body,  and  the  same  body  hot  and  in  a 
liquid  state,  be  mixed  in  known  proportions,  the  temperature  after  mix- 
ture will  not  be  the  proportional  mean,  as  would  be  the  case  if  both 
were  liquid,  but  will  fall  short  of  it ;  much  of  the  heat  of  the  hotter 
body  being  consumed  in  rendering  the  colder  solid  liquid^  before  it 
produces  any  efiect  upon  its  sensible  temperature. 

178.  Equal  parts  of  water  at  32^,  and  of  water  at  212^,  will  pro- 
duce on  mixture  a  mean  temperature  of  122°.  But  equal  parts  of 
ice  at  32^,  and  of  water  at  212°,  will  only  produce  (after  the  lique- 
faction of  the  ice)  a  temperature  of  52^,  the  greater  portion  of  the  heat 
.  of  the  water  being  employed  in  thawing  the  ice,  before  it  can  produce 
any  rise  of  temperature  in  the  mixture.  To  heat  thus  insensible  or 
jj^°*  **"  combined,  Black  applied  the  term  lateitt  heat.  The  actual  loss  of 
the  thermometric  heat  in  these  cases  was  thas  estimated  ;  a  pound 
of  ice  at  32°  was  put  into  a  pound  of  water  at  172° ,  the  ice  melted, 
and  the  temperature  of  the  mixture  was  32°.     Here  the  water  was 

*  Blo€k*8  i^dtiret. 
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cooled  140°,  while  the  temperature  of  the  ice  was  unaltered  ;  that  is,    gect.m, 
140°  of  heat  disappeared,  their  eflfect  being  not  to  increase  tempera- 
ture, but  to  produce  fluidity. 

179.  In  all  cases  of  liquefaction  caloric  is  absorbed,  and  we  pro-  Cold  pro- 
duce artificial  cold,  often  of  great  intensity,  by  the  rapid  solution  of  ^'"«^  *>Y 
cerlain  saline  bodies  in  water.^     Upon  this  principle  the  action  of  "JJf  ***'*' 
freezing  mixtures  depends,  some  of  which  may  frequently  be  conve- 
niently and  economically  applied  to  the  purpose  of  cooling  wine  or 
water  in  hot  climates,  or  where  ice  cannot  be  procured. 

DUuta  a  portion  of  nitric  acid  with  an  eqoai  weight  of  water ;  and,  when  the  B^- 1. 
mixture  has  cooled,  add  to  it  a  quantity  of  light  fresh-falleD  anew.    On  immera- 
ing  the  thermometer  in  the  mixture,  a  very  considerable  reduction  of  tempera- 
ture will  be  observed.    This  is  owing  to  the  absorption,  and  intimate  fixation  of 
the  free  caloric  of  the  mixture  by  the  liquefying  snow. 

Mix  quickly  together  equal  weights  of  fresh-fallen  snow  at  32^,  and  of  com-  B^>  ^• 
nKHi  salt,  cooled,  Dy  exposure  to  a  freezing  atmosphere,  down  to  32^.    The  two 
■olid  bodies,  on  admixture,  will  rapidly  liquefy,  and  the  thermometer  will  sink 
98°  or  to  0°,  or  according  to  Blagden  to  4t  lower. 

To  understand  this  experiment,  it  must  be  recollected,  that  the  snow  Theory^ 

and  salt,  though  at  the  freezing  temperature   of  water,  have  each  a 
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Sea-salt,    .  .10 

Hydrocblorate  Qf  ammonia,  Q 
Nitrate  of  potassa,  .  .  B 
Snow,    .  .24 


Sea-salt,    . 
Nitrate  of  ammonia, 
Snow, 


Dilated  sulphuric  acid,t 
Snow,  .       - 


.    6 

6 

.  12 

2 
.     3 


Conceoirated  hydrochloric  )  . 

acid,  ) 

Soow,  .    8 

Concentrated  nitrous  acid,^4 
Snow,        ....    7 


Chloride  of  calcium]     '.       T 
Snow,        .        .        .        .4 

Crystallized    chloride   of  > » 

calcium,  { 

Snow,  .    2 

.        .        4 
.    3 


Fused  potassa, 
Snow, . 


Thermometer  sinks 


9 
1 

K 

6 

s 


to   —6*' 


to— 12® 


to— la^ 


to— 26° 


fromH-320to— 23® 


(iron>  +32®  to  —27® 


from  +32®  to  —30® 


from  +32®  to  —40® 


from  +32®  to  —60® 


from  +32«»  to  — 6l« 


Degree  of  Cold  pio« 
duced. 


56  degrees. 


69 


62 


72 


82 


83 


But  freezing  mixtures  may  be  made  by  the  rapid  solution  of  salts,  without  the  nse 
of  snow  vr  ice;  and  the  following  table,  taken  from  Walker's  Essay  in  the Philosoph- 

t  PhU.  Tram,  lixviiL  281. 

*Tfae  snow  ifaeald  be  ffeably  fttllen,  dry ;  aad  aaeoiapreised.    If  snow  eannot  be  bad,  Aoely 
powdered  Ice  may  be  sabttituted  for  it. 

fUade  of  strong  add,  dilated  with  bsif  its  weiflit  of  snow  or  distilled  water. 
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Caloric. 


Ch>i>.  L  considerable  portion  of  uncombined  caloric.  Now  sail  has  a  strong 
affinity  for  water ;  but  the  union  cannot  take  place  while  the  water 
continues  solid.  In  order,  therefore,  to  act  on  the  salt,  the  snow  ab- 
sorbs all  the  free  caloric  required  for  its  liquefaction ;  and  during 
this  change,  the  free  caloric,  both  of  the  snow  and  the  salt,  amount- 
ing to  32^,  becomes  latent,  and  is  concealed  in  the  solution.  This 
solution  remains  in  a  liquid  state  at  0,  or  4^  below  0  of  F. ;  but  if  a 
greater  degree  of  cold  be  applied  to  it,  the  salt  separates  in  a  con- 
crete form. 

Most  neutral  salts,  also,  during  solution  in  water,  absorb  much  ca- 
loric ;  and  the  cold}  thus  generated,  is  sometimes  so  intense  as  to 
freeze  water,  and  even  to  congeal  mercury.  The  former  experiment, 
however,  (viz.  the  congelation  of  Ti'Bter,)  may  easily  be  repeated  on 
a  summer's  day. 

Ad4  to  32  drachmi  of  w«ter,  11  driM^hms  of  hydrochlorate  of  ammonia,  10  of 
nitret«  of  potaMa,  and  16  of  salphat^  of  aoda^  all  finely  powdered.   The  salts  may 


Exp 


ical  Transactions  for  1795,  inclodes  the  most  important  of  them.    The  salts  most  be 
finely  powdered  and  dry. 


MiXTVBSS. 

Paris 

Hydrochlorate  of  ammoaia,  5 
Nitrate  of  potassa,              5 
Water,                               .16 

Temperature  fidls 
from  -I-60®  to  +109 

Degree  of  Cold  pro- 
duced. 

40  degrees. 

Hydrochlorate  of  ammonia,  6 
Nitrate  of  potassa,  .       .    6 
Saiphate  ot  soda,                 8 
Water,      .                        .16 

from  -HO®  to  -M® 

4« 

Nitrate  of  ammoQia, '            1 
Water,      ....    1 

from  +50^  to  +4® 

4$ 

Nitrate  of  ammonia,             1 
Carbonate  of  soda,    .       .    1 
Water,  ....        I 

from  -H60<»  to  —7® 

67 

Sulphate  of  soda,              .3 
Diluted  nitrous  acid,*    .       2 

from  -I-60®  to  —3® 

63 

Sulphate  of  soda,             .    6 
Hydrochlorate  of  ammonia,  4 
Nitrate  of  potassa,    .        .    2 
Diluted  nitrous  acid,     .        4 

from  +60*>  to  —10® 

60 

Sulphate  of  soda,     .        .    6 
Nitrate  of  ammonia,             8 
Diluted  nitrous  acid,         .    4 

fron\  +60®  to  —14® 

64 

Phosphate  of  soda^        .        9 
Diluted  nitrous  acid,        .    4 

from +60®  to —12® 

62 

Phosphate  of  soda,           *    9 
Nitrate  of  ammonia, .        .    6 
Diluted  nitrons  acid,             4 

from  +60®  to  —21® 

71 

Sulphate  of  soda,      .        .    8 
Hydrochloric  acid,                6 

from  +60^  to  0® 

60 

Sulphate  of  soda,              .    6 
Diluted  sulphuric  acid,t        4 

from  +60®  to  +3® 

47 

These  artificial  processes  for  ^nerating  cold  are  much  more  effectual  when  the  ma- 
terials are  prenously  cooled  by  immersion  in  other  frigorific  mixtures. 

*  Composed  of  ftaming  nitrooi  acid  two  parts  in  weight,  and  one  of  water— the  mlxtuiebeinc 
allowed  to  cool  befofe  being  used. 

t  Compoied  of  equal  weights  of  slfoag  add  and  water,  being  allowed  to  cool  befoie  ate. 
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be  dJMolTed  letiarately,  in  the  order  set  down.    A  thermometer,  put  into  the    Sect.m. 
■olution,  will  show,  that  the  cold  produced  is  at,  or  below  freezing;  and  a  little 
water,  in  a  thin  class  tube,  being  immersed  in  the  solution,  wiU  be  frozen  in 
a  few  minutes.    H.  1. 113.* 

Crystallized  chloride   of  calcium,  when  mixed  with  snow,  pro- Method  of 
duces  a  most  intense  degree  of  cold.     This  property  was  discovered  ^J^^, 
by  Lovitz,  and  has  been  since  applied  to  the  congelation  of  mercury 
on  a  very  extensive  scale. t 

On  a  small  scale,  it  may  be  sufficient  to  employ  two  or  three 
pounds  of  the  salt 

Let  a  few  ounces  of  mercnry,  in  a  very  thin  glass  retort,  be  immersed,  first  Blip, 
in  a  mixture  of  one  pound  of  each ;  and,  wnen  this  has  ceased  to  act,  let  another 
similar  mixture  be  prepared.    The  second  will  never  fail  to  congeal  the  quick- 
siWer.^ 

180.  When  fluids  are  converted  into  solids,  their  latent  heat  ber  Latent  ca- 
comes  sensible.     Water,  if  kept  perfectly  free  from  agitation,  may  be  *oric  ™«de 
cooled  down  several  degrees  below  32^  ;  but,  on  shaking  it,  it  imme- 
diately congeals,  and  the  temperature  rises  to  22^. 

The  evolution  of  caloric,  during  the  congelation  of  water  is  well 
illustrated  by  the  following  experiment  of  Crawford. 

Into  a  round  tin  vessel  put  a  pound  of  powdered  ice;  surround  this  by  a  Ry.  |^ 
mixture  of  snow  and  salt  in  a  larger  vessel ;  and  stir  the  ice  in  the  inner  one,  till 
its  temperature  is  reduced  to  +  4^  F.  To  the  ice  thus  cooled  add  a  pound  of 
water  at  32®.  One  fifth  of  this  will  be  frozen ;  and  the  temperature  of  the  ice 
will  rise  from  4®  to  32®.  In  this  instance,  the  calorio  evolved,  by  the  congelap 
tion  of  one  fifth  of  a  pound  of  water,  raises  the  temperature  of  a  pound  of  ice 
28®.    H.  1.  115. 

Dissolve  sulphate  of  soda  in  water,  in  the  proportion  of  one  part  to  five,  and  „      ^ 
surround  the  solution  by  a  freezing  mixture,  it  will  cool  Eradually  down  to  31®.      P' 
The  salt,  at  this  point,  begins  to  be  deposited,  and  stops  the  cooling  entirely. 

*  The  results  of  some  of  Walker's  experiments  on  this  subject,  are  given  in  the  ta- 
bles of  freezing  mixtures. 

t  The  proportions,  which  answer  best,  are  about  equal  weights  of  the  salt  finely 
powdered,  and  of  fresh  fallen  and  light  snovr.  On  mixing  these  together,  and  im- 
mersing a  thermometer  in  the  mixtore,  the  mercury  sinks  with  great  rapidity.  For 
measuring  exactly  the  cold  produced,  a  spirit  thermometer,  graduated  to  60°  below  0 
of  Fahrenheit,  or  still  lower  should  be  employed.  A  few  pounds  of  the  salt  sre  suf- 
ficient to  congeal  a  laige  mass  of  mercury.  By  means  of  13  pounds  of  the  chloride, 
and  an  eqnal  weight  of  snow,  Pepys  and  Allen  froze  66  pounds  of  quicksilver  into  a 
solid  mass.  The  mixture  of  the  whole  quantity  of  salt  and  snow,  however,  was  not 
made  at  once,  but  part  was  expended  in  cooling  the  materials  themselves. 

t  Fig.  87,  a  very  simple  and  cheap  spparatus  may  be  employed  to  freeze  mercnry. 
The  outer  vessel  of  wood  may  be  twelve  and  a  hall  inches  square,  and  seven  inches 
deep.  It  should  have  a  wooden  cover,  rabbeted  in,  and  furnished  with  a  handle. 
Within  this  is  placed  a  tin  vessel  b  6,  standing  on  feet  which  are  one  and  a  half  inches 
high,  and  having  a  projection  at  the  top,  half  an  inch  Fig.  37. 

bioad  and  an  iDcn  deep,  on  which  rests  a  shallow  tin  pan 
e  c  Within  the  second  vessel  is  a  third  d,  made  of  on- 
tinned  iron,  and  supported  by  feet  two  inches  high. 
This  vessel  is  four  inches  square,  and  is  intended  to  con- 
tain the  mercurv.  When  the  apparatus  is  used,  a  mix- 
ture of  hydrocniorate  of  lime  and  snow  is  put  into  the 
outer  vessel  a  a,  so  as  completely  to  surround  the  middle 
vessel  b  b.    Into  the  latter,  the  vessel  (f,  containing  the  quicksilver  to  be  frozen,  pre 


n ^ 

"^ 

-jsjte 

(^ 

^ 

___  pan 

materials,  and  the  wooden  cover  is  then  put  into  its  place.  The  vessels  are  now  lelt 
till  the  quicksilver  is  frozen.  A  more  elegant,  but  more  expensive,  apparatus,  by 
Pepys,  mteoded  for  the  same  purpose,  is  figured  in  an  early  volume  of  the  .  *hilosophi- 
cai  Magazine.    H.  I*  ll4k 
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Chap.  I.       This  evolution  of  caloric  during  the  separation  of  a  salt,  is  exactly 
the  reverse  of  what  happens  during  its  solution.* 

When  a  solution  of  Glauber's  salt  is  made  suddenly  to  crystal- 
lize, its  temperature  is  considerably  augmented ;  (31  note)  and  when 
water  is  poured  upon  quicklime,  a  great  degree  of  heat  is  produced 
by  the  solidification   which   it  suffers   in  consequence   of  chemical 
combination ;    congelation,  therefore,  is  to  surrounding  bodies    a 
heating  process,  and  liquefaction  a  cooling  process, 
^^^^"i®*'      181.  When  liquids  are  heated  they  acquire  the  gaseous  form,  and 
iotolhe  *    become  invisible  elastic  fluids,  possessed  of  the  mechanical  proper- 
aeriform     ties  of  common  air.     By  a  sufficiently  intense  heat  every  liquid  and 
■tate.         ^Qjj  j  would  probably  undergo  this  change.  A  considerable  number  of 
bodies,  however,  resist  the  strongest  heat  of  our  furnaces  without  va- 
pori2dng.     These  are  said  to  be  ficed  in  the  fire :  those  which,  under 
the  same  circumstances,  are  converted  into  vapour,  are  called  volatile. 
This  effect  of  caloric  is  termed  Vaporization. 
Tapoors         ^^'  ^^P^^^^  ^^^  characterized  by  the  readiness  with  which  they 
are  convertible  into  liquids  or  solids,  either  by  a  moderate  increase 
of  pressure,  the  temperature  at  which  they  were  formed  remaining 
the  same,  or  by  a  moderate  diminution  oi  that  temperature,  without 
change  of  pressure.     They  retain  this  form  or  state  as  long  as  their 
temperature  remains  sufficiently  high,  but  re-assume  the  liquid  form 
when  cooled  again.  ' 

£2-  I  Fill  ajar  with  water  heated  to  104^  aod  iovert  itinaveesel  of  theaame.  Then 

introduce  a  little  ether  by  means  of  a  glass  tabe  closed  at  one  end.  The  ether 
will  rise  to  the  top  of  the  jar,  and,  in  its  ascent  will  be  changed  into  gas,  filling 
the  whole  jar  with  a  transparent,  iuTisible,  elastic  fluid.  On  permitting  the 
water  to  cool,  the  ethereal  gas  is  condensed,  and  the  inverted  jar  again  becomes 
filled  with  water. 

V^rn  3.  Or  more  beautifully  thus.    Fifl  a  glass  tube  about  thirty  inches  long  and 

an  inch  in  diameter,  with  quicksilver,  and  invert  it  in  the  mercurial  trough.  Pass 
up  from  a  small  bottle  an  ounce  or  more  of  ether ;  after  it  has  collected  upon  the 
surface  of  the  quicksilver  in  the  tube,  it  may  be  made  to  boil  by  the  heat  of  the 
hand  by  grasping  the  tube  at  that  part  where  the  ether  stands ;  which  will  pass 
to  the  state  of  vapour  and  depress  the  mercurial  column. 

Difference  183.  The  disposition  of  various  substances  to  yield  vapour  is  very 
of  density,  different ;  and  the  diOTerence  depends  doubtless  on  the  relative  pow- 
er of  cohesion  with  which  they  are  endowed*  Vapours  occupy 
more  space  thaa  the  substances  from  which  they  were  produced. 
According  to  the  experiments  of  Gay  Lussac^  water,  at  its  point  of 
greatest  density,  in  passing  into  vapour,  expands  to  1696  times  its 
volume,  alcohol  to  659  times,  and  ether  to  443  times,  each  vapour  be- 
ing at  a  temperature  of  212^  F.  and  under  a  pressure  of  29.92  inches 
of  mercury.  This  shows  that  vapours  difier  in  density.  Watery 
vapour  is  lighter  than  air  at  the  same  temperature  and  pressure,  in 
the  proportion  of  1000  to  1604 ;  or  the  density  of  air  being  1000, 
that  of  watery  vapour  is  625.  The  vapour  of  alcohol,  on  the  contra- 
ry, is  half  as  heavy  again  as  air ;  and  that  of  ether  is  more  than 
twice  and  a  half  as  heavy. 
Dilatation  184.  The  dilatation  of  vapours  by  heat  was  found  by  Gray-Lus- 
ofvapours.  sac  to  follow  the  same  law  as  gases,  that  is,  for  every  degree  of 
Fahrenheit,  they  increase  by  ^^th  of  the  volume  they  occupied  at 
32^.    But  the  law  does  not  hold  unless  the  quantity  of  vapour  con- 

*  Blagdeo,  PhO,  TVont.  Ixzviu.  890. 
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tinue  the  same.  If  the  increase  of  temperature  cause  a  fresh  por-  s*cu  in. 
tion  of  vapour  to  rise,  then  the  expansion  will  be  greater  than  ^i^th 
for  each  degree  ;  because  the  heat  not  only  dilates  the  vapour  pre- 
viously" existing  to  the  sttme  extent  as  if  it  were  a  real  gas,  but  aug- 
ments its  bulk  by  adding  a  fresh  quantity  of  vapour.  The  contrac- 
tion of  a  vapour  on  cooling  will  likewise  deviate  from  the  above  law, 
whenever  the  cold  converts  any  of  it  into  a  liquid ;  an  efiect  which 
must  happen,  if  the  space  had  originally  contained  its  maximum  of 
▼apour. 

The  volume  of  vapour  varies  under  varying  pressure  according  to  Influenced 
the  same  law  as  that  of  gases,  provided  always  that  the  gaseous  ,2^*' 
state  is  preserved.     This  law,  discovered  by  Boyle  and  Mariotte,  is 
more  fully  explained  in  the  section  on  atmospheric  air,  and  merely 
expresses  the  fact  that  the  volume  of  gaseous  substances  at  a  constant 
temperature  is  inversely  as  the  pressure  to  which  they  are  subject. 

186.  The  temperature  at  which  vapour  rises  with  sufficient  free-  Boiling 
dom  for  causing  the  phenomena  of  ebullition,   is  called   the  boiling  ix>int  of 
point.     The  heat  requisite  for  this  effect  varies  with  the  nature  of  ¥*l"'^  ^^' 
the  fluid.     Thus,  sulphuric  ether  boils  at  96"  F.  alcohol  at  173''  and  ^'^ 
pure  water  at  212^ ;  while  oil  of  turpentine  must  be  raised  to  316^, 
and  mercury  to  662"^  before  either  exhibits  marks  of  ebullition.    The 
appearance  of  boiling  is  owing  to  the  formation  of  vapour  at  the  bot- 
tom of  the  vessel,  and  it  escapes   through  the  heated  fluid  above  it. 

186.  The  boiling  point  of  the  same  liquid  is  constant,  so  long  as  Boiling 
the  necessary  conditions  ate  preserved ;  but  it  is  liable  to  be  affected  l^*"**  ^" 
by  several  circumstances.     The  nature  of  the  vessel  has  some  influ-  Jjj^  J^," 
ence  upon  it     Thus  Gay  Lussac  observed  that  pure  water  boils  pre- cumstan- 
cisely  at  212"  in  a  metallic  vessel  and  at  314°  in  one  of  glass,     ft  is  ^^* 
likewise  affected  by  the  presence  of  foreign  substances.     Bostock 

found  that  ether,  heated  in  a  glass  vessel,  had  its  boiling  point  lower- 
ed nearly  50°  by  introducing  a  few  chips  from  a  cedar  pencil,  and 
alcohol  of  s.  g.  849  had  its  boiling  point  reduced  by  a  similar  cause 
between  30"  and  40".  The  boiling  point  of  water,  heated  in  a  glass 
vessel,  was  brought  down  4"  or  5"  by  the  same  means.'^  By  put- 
ting coils  of  wire  into  liquids,  heated  in  glass  vessels  with  a  view  to 
distillation,  they  are  made  to  boil  readily,  quietly  and  some  degrees 
lower  than  they  would  otherwise  do.  It  is  of  course  necessary  to 
use  a  metal  which  will  not  be  acted  upon  by  the  liquid. 

187.  A  circumstance  which  has  great  influence  over  the  boiling 

point  and  vaporization  of  fluids  is  variation  of  pressure.     By  the  pjJ^Miiro. 
mere  removal  of  atmospheric  pressure,  ether  will  be  converted  into 
vapour  at  the  common  temperature  of  the  atmosphere. 

Into  a  glass  tube,  about  six  inches  long,  and  half  an  inch  in  diameter,  put  a  tgrp. 
teasDOonnil  of  ether,  and  fill  tip  the  tube  with  water ;  then,  pressing  the  thumb 
on  m  open  end  of  the  tube,  place  it,  inverted,  in  a  jar  of  water.  Let  the  whole 
be  set  under  the  receiver  of  an  air-pump,  and  exhaust  the  air.  The  ether  will  be 
changed  into  gas,  which  will  expel  the  water  entirely  from  the  tube.  On  re-ad- 
mitting the  air  into  the  receiver,  the  gas  is  again  condensed  into  a  liquid  form. 

From  the  experiments  of  the  late  Prof.  Robison  it  appears  that    EoiHog 
liquids  boil  in  a  vacuum  at  a  temperature  140"  lower  than  in  the  J®"**  "* " 
open  air.t     Thus  water  boils  at  72   F.,  alcohol  at  36,"  and  ether  at 
^".     This  proves  that  a  liquid  is  not  necessarily  hot  because  it 
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Ohftp.  I'    boils.     The  heat  of  the  hand  is  sufficient  to 

make  ether  boil  in  a  vacuum,  as  is  exero-  A>. 


Pig  88. 
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pi i  fled  by  the  Pulse  Glass* 
.Effect  of  188.  feven  the  ordinary  variations  in  the  weight  of  the  air,  as 
densSy'of  "Measured  by  the  barometer,  are  sufficient  to  make  a  difference  in  the 
the  air.  boiling  point  of  water  of  several  degrees.  When  the  barometer  is 
Altitudes  at  28  inches,  water  will  boil  at  the  temperature  of  208,43'',  when  at 
g«*«™"°«*  30  inches  at  212°,  and  when  at  31  at  213,76^  At  the  top  of  Mount 
iMiiiog  Blanc,  Saussure  found  that  it  boiled  at  187°,  so  that  the  heights  of 
point.        mountains,  and  even  of  buildings,  may  be  calculated  by  reference 

to  the  temperature  at  which  water  boils  upon  their  summits.* 
Example  of     The  following  apparently  paradoxical  experiment  also  illustrates 
dimioisbed  ^jj^  influence  of  diminished  pressure  in  facilitating  ebullition. 

ebullition.       j^^^  ^  ^^^  ^^^  lecurely  into  the  neck  of  a  Florence  fiaik,  Fig. 

jjtyp  39,  containing  a  little  water,  and  heat  it  over  a  lamp  till  the  water 

boils,  and  the  steam  freely  escapes  by  the  open  stop  cock ;,  then 
suddenly  remove  the  lamp  and  close  the  cock.  The  water  will 
soon  cease  to  boil ;  but  if  plunged  intoavesselof  cold  water,  ebul- 
lition instantly  recommences,  but  ceases  if  the  flask  be  held  near 
the  fire  :  the  vacuum  in  this  case  being  produced  by  the  condensa- 
tion  of  the  steam.t 

Example  of     189.  Water  cannot  be  heated  under  common  circumstances  beyond 

ry^eflfoct'of  2^^**  ^*  because  it  then  acquires  such  an  expansive  force  as  enables  it 

pressure,     to  overcome  the  atmospheric  pressure,  and  to  fly  off  in  the  form  of 

vapour.     But  if  subjected  to  sufficient  pressure,  it  may  be  heated  to 

any  extent  without  boiling.     The  elasticity  of  steam  increases  in  a 

greater  ratio  than  the  temperature  at  which  it  is  produced ;  thus  if  it  be 

lat2l2o       I      4  at  293.7       I      16  at  398.48  Fig.  40. 

it  is  2  "  250.5      |      8  "  341.78     |     24  "  435.57 

Or  steam  at  these  temperatures,  has  2, 4, 8, 16,  and 
24  times  the  elastic  force  of  steam  at  212°. t 

*  WollaBton  has  described  the  method  of  constructing  a 
thermometer  of  extreme  delicacy,  applicable  to  these  ptfr- 
poses.* 

t  The  experiment  may  be  Taried  by  placing  the  flask  in 
an  inverted  position  in  tne  ring  of  a  retort-stand  and  blow- 
ing upon  it  with  a  pair  of  bellows. 

t  FV>r  making  experiments  on  this  subject,  the  apparatus, 
represented  Fig.  40,  contrived  by  Marcet,  will  be  found  ex- 
tremely useful,  a  is  a  strong  brass  globe,  composed  of  two 
hemispheres  screwed  toother  with  flanches ;  a  portion  of 

auicksilTer  is  introduced  mto  it,  and  it  is  then  about  half 
lied  with  water,  b  is  a  barometer  tube  passing  through  a 
steam-tight  collar,  and  dipping  into  the  quicksiiver  at  the 
bottom  of  the  globe,  e  is  a  thermometer  graduated  to  about 
400*',  and  also  passing  through  an  air-light  collar,  at  is  a 
stop  cock,  and  e  a  large  spirit  lamp.  Tbe  whole  is  supported 
U|)on  the  brass  frame  and  stand  /*.  Upon  applying  neat  to 
this  vessel,  the  stop  cock  being  closed  as  soon  as  tbe  water 
boils,  it  will  be  found  that  the  temperature  of  the  water  and 
its  vapour  increases  with  the  pressore,  which  is  measured 
by  the  ascent  of  the  mercury  in  the  barometer  tube.  The 
thermometer  under  atmospheric  pressure  being  at  212°,  will 
be  eiemted  to  217°  under  a  pressure  of  five  inches  of  mer- 
cury, and  to  242°  under  a  pressure  of  30  inches,  or  therea- 
bouts ;  each  inch  of  mercury  producing  by  its  pressure  a  rise 
of  about  1°  in  the  thermometer.  The  barometer  tube  also 
serves  the  purpose  of  a  safety-valve,  the  strength  of  the  brass 
globe  being  such  as  to  rssist  a  greater  pressure  than  that  of 
one  atmosphere. 

•FUL  Trm»i.  1817. 
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Freezing  of  Mercury.  57 

190.  Evaporation  as  well  as  ebullition  consists  in  the  formation  of   Sectm. 
vapour,  and  the  only  assignable  diflference  between  them  is,  that  the  Erapora- 
one  takes  place  quietly,  the  other  with  the  appearance  of  boiling.  ^o^> 
Evaporation  occurs  at  common  temperatures.     This  fact  may  be 
proved  by  exposing  water  in  a  shallow  vessel  to  the  air  for  a  few  days, 

when  it  will  gradually  diminish,  and  at  last  disappear  entirely. 
Most  liquids,  if  not  ail  of  them,  are  susceptible  of  this  gradual  dissi- 
pation ;  and  it  may  also  be  observed  in  some  solids,  as  for  example 
in  camphor.  Evaporation  is  much  more  rapid  in  some  liquids  than 
in  others,  and  it  is  always  found  that  those  liquids,  the  boiling  point 
of  which  is  lowest,  evaporate  with  the  greatest  rapidity.  Thus  alco- 
hol, which  boils  at  a  lower  temperature  than  water,  evaporates  also 
more  freely ;  and  ether,  whose  point  of  ebullition  is  yet  lower  than 
that  of  alcohol,  evaporates  with  still  greater  rapidity. 

The  chief  circumstances  that  influence  the  process  of  evaporation 
are  extent  of  surface,  and  the  state  of  the  air  as  tq  temperature,  dry- 
ness, stillness,  and  density. 

191.  The  conversion  of  a  liquid  into  vapour  is  always  attended  Sensible,  or 
with  great  loss  of  thermometric  neat ;  and  as  liquids  may  be  regarded  ^^*^^"*^ 
as  compounds  of  solids  and  heat,  so  vapours  may  be  considered  as  tent, 
consisting  of  a  similar  combination  of  heat  with  liquids ;  in  other 
words,  a  great  quantity  of  heat  becomes  latent  during  the  forfiiation 

of  vapour. 

Moisten  a  tbennometer  with  alcohol,  or  with  ether,  and  expose  it  tQ  the  air.  g_^  |^ 
repeating  these  operations  alternately.    The  mercury  of  the  tnermometer  will      '^ 
sink  at  eaeh  exposure^  because  the  volatile  liquor,  during  the  eraporation,  robs 
it  of  its  heat    In  this  way,  (especially  with  the  aid  of  an  apparatus,  described 
by  M.  Cavallo,  in  the  Philosophical  Transactions,  1781,  p.  509,)  water  msy  be 
frozen,  in  a  thin  and  small  glass  ball,  by  means  of  ether.    The  same  effect  may 
be  obtained,  also,  by  immersing  a  tube,  containing  water  at  the  bottom,  in  a  glass  ^^  ^ 
of  ether,  which  is  to  be  placed  under  the  receiver  of  an  air  i>ump ;  or  the  ether 
may  be  allowed  to  float  on  the  surface  of  the  water.    During  the  exhaustion 
of  the  vessel,  the  ether  will  evaporate  rapidly,  and,  robbing  the  water  of  heat, 
will  completely  freeze  it;  thus  exhibiting  the  singular  spectacle  of  two  fluids  in 
contact  with  each  other,  que  of  which  is  ip  the  act  of  beiling,  and  the  other  of 
freezing,  at  the  same  moment. 

By  a  little  modification  of  the  experiment,  mercury  itself,  which  Maroet*s 
requires  for  congelation  a  temperature  of  almost  40^  below  0  of  F.,  method  of 
may  be  frozen,  as  was  first  shown  by  Marcet.*  mercwy. 

*  A  conical  receiTer,  (Fig.  41,)  open  at  the  top,  is  placed  on  the         Fig.iU 
plate  of  an  air-pump,  and  a  small  tube  with  a  cylindrical  bulb  at 
Its  lower  end,  cootainiog  mercury,  is  suspended  within  the  receiTer, 
through  the  aperture,  bjr  means  of  a  brass  plate,  perforated  in  its  cen> 
tre,  and  fitting  the  receiver  air-tight,  when  laid  upon  its  open  neck. 
The  tube  passes  throuffh  this  plate  to  which  it  is  fitted  by  a  leather 
adjustment,  or  simply  by  a  cork  secured  with  sealing  wsx.   The  hulb 
is  then  wrapped  up  in  a  little  cotton  wool,  or,  what  is  better,  in  a 
small  bag  or  one  fleecy  hosiery,  in  which  a  sinall  spirit  thermometer 
graduated  below  40^  F.,  may  also  be  included,  and  aAer  being  dipped 
into  sulphuret  of  carbon  or  ether,*  the  apparatus  is  quickly  placed 
under  tne  receiver,  which  is  exhausted  as  rapidly  as  possiole.    In 
two  or  three  minutes,  the  temperature  sinks  to  about  46^  below  0,  at    I 
which  moment  the  quicksilver  in  the  stem  suddenly  descends  with    [  ^ 
great  rapidity.    If  it  be  desired  to  exhibit  the  mercury  in  a  solid    ^         ^ 
state,  common  tubes  roav  be  used,  which  have  originally  been  sbout  « 
an  inch  in  diameter,  but  nave  been  flattened  by  pressure,  when  softened  by  the  blow- 
pipe.   The  experiment  succeeds,  when  the  temperature  of  the  room  is  as  high  as 
+  40®  Fahrenheit.    H*  126. 

*  In  exhsusting  a  vessel  containing  either  of  these  fluids,  the  valves  of  the  air  pump  should  IM 
mclallifr. 
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Chap.  L        192.  The  loss  of  sensible  heat  attending  the  formation  of  vapour. 
Tempera-   is  proved  by  the  well  known  fact  that  the  temperature  of  steam  is 
tare  of       precisely  the  same  as  that  of  the  boiling  water  from  which  it  rises ; 
'       so  that  all  the  heat  which  enters  into  the  liquid,  is  solely  employed 
in  converting  a  portion  of  it  into  vapour,  without  affecting  the  tem- 
perature of  either  in  the  slightest  degree,  provided  the  latter  is  per- 
mitted to  escape  with  freedom.     The  heat  which  then  becomes  latent, 
to  use  the  language  of  Black,  is  again  set  free  when  the  vapour  is 
condensed  into  water.     The  exact  quantity  of  heat  rendered  insensi- 
ble  by  vaporization,  may,  therefore,  be  ascertained  by  condensing  the 
Tapour  in  cold  water,  and  observing  the  rise  of  temperature  which 
ensues.   From  the  experiments  of  Black  and  Watt,  conducted  on  this 
principle,  it  appears  that  steam  of  612°,in  being  condensed  into  water 
of  212^,  gives  out  as  much  heat  as  would  raise  the  temperature  of  an 
equal  weight  of  water  by  950  degrees,  all  of  which  had  previously  ex- 
isted in  the  vapour  without  being  sensible  to  a  thermometer. 
Latent  bett     The  latent  heat  of  steam  and  several  other  vapours  has  been  exa* 
°^*  mined  by  Ure,  whose  results  are  contained  in  the  following  table. 

{PhU.  Trans.  1818.) 

fjOterU  Heat, 

967° 

...      ^^* 


Vapour  of  water  at  its  boiling  point 
Alcohol     . 


Ether  .  .  ,  .  . 

Petroleum  .  .  .     "      . 

Oil  of  turpentine         .... 

Nitric  acid  .  .  ,         . 

Liquid  ammonia 

Vinegar,    .«...• 

193..  The  large  quantity  of  heat,  latent  in  steam,  renders  its  ap- 


302.379 

J  77.87 

177.87 

531.99 

837.28 

875* 


Whei^  ^  jet  of  liquid  carbonic  acid  is  directed  upon  mercury,  it  is  so  rapidly  Taporized 
that  the  mercury  is  frozen.  The  pipes  connected  with  the  fountains  from  which  soda 
water  is  drawn,  are  often  closed  by  ice,  formed  on  the  sudden  escape  and  expansion  of 
the  last  portion  of  water  and  compressed  gas. 

*The  small  boiler,  represented  in  Fig.  42,  taken  fro^i  Henry's  BSemenU  qf  O^e- 
mistry,  maj  be  conteniently  "•     *" 

employed  m  experiments  on 
the  latent  heat  ol  steam. 

For  this  purpose  the  tube  e 
must  be  screwed  on  the  stop- 
cock 6,  and  immersed  into  the 
fflass  of  water  /.  The  cock  e 
being  closed^  the  steam  arisins 
from  the  boiling  water  a  will 
pass  into  the  cold  water  j^,  the 
temperature  of  which  will  be 
much  augmented  hj  its  con- 
densation. Ascertain  the  in- 
crease of  temperature  and 
weight,  and  the  result  will 
show  how  much  a  gpTen  weight 
of  water  has  had  its  tempera- 
ture raised  bv  a  certain  weight 
of  condensed  steam.  To  ano- 
ther quantity  of  water  of  the 
same  weight  and  temperature 
as  that  in  the  jar  at  the  outset 
of  the  experiment,  add  a  quan- 
tity of  water  at  S12°,  equal  in  weight  to  the  condensed  steam;  it  wiU  be  found,  on 
comparing  the  resulting  temperatures,  that  a  given  weight  of  steam  has  produced,  by 
its  condensation,  a  much  greater  elevation  of  temperature  than  the  same  quantity  of 
boiling  water. 


Steam. 
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plication  extremely  useful  for  practical  purposes.  Thus  water  may  be    ^^^  ro- 
heated  at  a  considerable  distance  from  the  conducting  pipe  e,  (Fig.  42.)  Economical 
This  furnishes  us  with  a  commodious  method  of  warming  the  water  JJJ^ 
of  baths,  which,  in  certain  cases  of  disease,  it  is  of  importance  to  have         ' 
near  the  patient's  bed-room ;  for  the  boiler,  in  which  the  water  is 
heated,  may  thus  be  placed  on  the  ground  floor,  or  in  the  cellar  of  a 
house  ;  and  the  steam  conveyed  by  pipes  into  an  upper  apartment. 
Steam  may  also  be  applied  to  the  purpose  of  heating  or  evaporating 
water,  by  a  modification  of  the  apparatus.*     In  breweries  and  other 
manufactories,  where  large  quantities  of  warm  and  boiling  water  are 
consumed  it  is  frequently  heated  by  conveying  steam  into  it,  or  by 
suffering  steam-pipes  to  traverse  the  vessels  or  by  employing  double 
vessels,  a  plan  adopted  with  particular  advantage  in  the  preparation 
of  medicinal  substances.     Where  a  higher  temperature  than  212^  is 
required  it  is  necessary  to  employ  steam  under  adequate  pressure. 

194.  The  perfect  transparency  of  steam,  and  also  two  other  impor- 
tant properties,  on  which  depends  its  use  as  a  moving  power,  viz.  its 
elasticity  and  its  condensibility  by  a  reduced  temperature,  are  beau- 
tifully snown  by  a  little  apparatus  contrived  by  WoUaston. 

It  conaiata  of  a  glaaa  tube  (Fig.  43)  about  6  incbea  long  Fig-  43. 

and  }  inch  bore,  aa  cvlindrical  as  poaaible,  and  blown  out  a 
little  at  the  lower  end.  It  has  a  wooden  handle,  to  which  ia 
attached  a  braaa  clip  embracinff  the  tube ;  and  within  ia  a 
piston,  which,  as  well  aa  its  rw,  is  perforated,  as  ahown  bj 
the  dotted  lines.  This  canal  may  be  occasionally  opened 
or  closed  by  a  screw  at  the  top  :  aad  the  piston  rod  is  kept 
in  the  axis  of  the  cylinder  by  being  passed  through  a  piece 
-of  cork  fixed  at  the  top  of  the  tube.  When  the  inatrument 
ia  uaed,  a  little  water  ia  put  into  the  bottom ;  the  piston  is 
then  introduced  with  its  aperture  left  open  >  and  the  water 
is  heated  over  a  spirit  lamp.  The  common  air  iathus  expelled 
from  the  tube,  and  when  this  may  be  supposed  to  be  effect- 
'ed,  the  aperture  in  the  rod  is  closed  by  the  acrew.  On  ap- 
plying heat,  steam  ia  produced,  which  drivea  the  piston  op- 
wards.    On  immersing  the  biUb  in  water,  or  aHowing  it  to 

*  Fig  42,  ^  represents  the  apparatus  for  boiling  water  by  the  coadensation  of  steam, 
without  addmg  to  its  quantity ;  a  circumstance  ooeasionaily  of  considerable  importance. 
The  steam  is  receiTed  betweenthe  vessel,  which  contains  toe  water  to  be  heated,  and  an 
exterior  case ;  it  imparts  its  caloric  to  the  water,  through  the  substance  of  the  vessel ; 
ia  thus  condensed,  and  returns  to  the  boiler  by  the  perpendicular  pipe.  An  altera- 
tion of  the  form  of  the  vessel  adapu  it  to  evaporation  (Fig.  42,  h),  Thia  method  of 
evaporation  is  admirably  suited  to  the  concentration  of  liquids,  that  are  decomposed, 
or  injured  by  a  higher  temperature  than  that  of  boiling  water,  such  as  medicinal  ex- 
tracts ;  to  the  drying  of  precipitates,  &c.  In  the  employment  of  either  of  these  vessels, 
it  is  expedient  to  surround  it  with  some  slow  conductor  of  heat.  On  a  small  sca'e 
a  few  folds  of  woollen  cloth  are  sufficient ;  and  when  the  vessel  is  constructed  of  a 
large  size  for  practical  use,  this  purpose  is  served  by  the  brick  work  in  which  it  is 
placed.    H.  1.  136. 

A  very  convenient  apparatus  for  drying  precipitates,  &c.  by  steam  is  described  by  Ure.  Vf'%  drriog 
A  square  tin  box,  about  18  inchea  long,  12  broad,  and  6  deep,  has  its  bottom  hollowed  a  •vffio*- 
little  by  the  hammer  towards  ita  centre,  in  which  a  round  hole  is.  cut  of  6  or  6  inches 
diameter.    Into  this  a  tin  tube,  3  or  4  inches  long,  is  soldered.    This  tube  is  made  to 
fit  tiffhtlv  into  the  mouth  of  a  common  teakettle,  which  has  a  folding  handle.    The 


ton  of  the  box  haa  a  number  of  circular  holes  cut  into  it,  of  different  diameters,  in 
which  evaporating  capsules  are  placed.  When  the  kettle,  filled  with  water,  and  with 
its  nozzle  corked,  is  set  on  a  atove,  the  vapour  playing  on  the  bottoms  of  the  capsules, 
heats  them,  to  any  required  temperature;  and  being  itself  continually  condensed  runa 
back  into  toe  kettle.  The  orifices  not  in  use  msybe  dosed  with  tin  lids.  In  dryine 
precipitates,  the  tube  of  the  glass  funnel  should  be  corked  up,  and  the  funnel  be  placed, 
with  ita  filter,  directly  into  the  proper  sized  opening.  For  diving  red  cabbage,  violet 
petals,  dtc.  a  tin  tray  is  provided,  which  fits  efose  on  the  top  of  the  box,  within  the  rim 
which  goes  about  it.  The  round  orificea  are  left  open  when  this  tray  is  applied. 
{Did,  Chem.  291.) 
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•ool  ■pontaneooslf ,  a  Taeuam  is  produced  in  the  tube,  and  the  piaton  ii  forced 
downwards  by  the  weight  of  the  atmosphere.  These  appearances  mav  be  alter- 
nately produced  by  repeatedly  heating  and  cooling  the  water  in  the  ball  of  the 
instrument. 

In  the  original  steam  engine,  the  vapour  was  condensed  in  the 
cy)inder»  as  it  is  in  the  glass  tube ;  but  in  the  engine  as  improved  by 
Watt,  the  steam  is  pumped  into  a  separate  vessel,  and  there  con- 
densed ;  by  which  the  loss  of  heat,  occasioned  by  cooling  the  cylin- 
der every  time,  is  avoided. 

195.  Liquids  assume  the  aeriform  state  much  more  rapidly  under 
a  diminished  pressure,  especially  if  the  vapour  which  is  formed,  be 
condensed  as  soon  as  it  is  produced,  so  as  to  maintain  the  vacuum ; 
and  the  cold  produced  is  very  great. 

On  this  principle  depends  Leslie's  ingenious  mode  of  freezing 
water,  in  an  atmosphere  of  any  common  temperature,  lyproducing  a 
rapid  evaporation  from  the  surface  of  the  water  itself.  The  water  to 
be  congealed  is  contained  in  a  shallow  porous  vessel,  which  is  sup- 
ported above  another  vessel,  containing  strong  sulphuric  acid,  or  dry 
chloride  of  calcium ;  or  even  dried  garden  mould  or  parched  oatmeal. 
Any  substance,  indeed,  that  powerfully  attracts  moisture,  may  be 
applied  to  this  purpose.  The  whole  is  covered  by  the  receiver  of  an 
air  pump,  which  is  rapidly  exhausted  ;  and  as  soon  as  this  is  effected, 
crystals  of  ice  begin  to  shoot  in  the  water,  and  a  considerable  quan* 
tity  of  air  makes  its  escape,  after  which  the  whole  of  the  water  be- 
comes solid.  The  rarefaction  required  is  to  about  100  times  ;  but  to 
support  congelation,  after  it  has  taken  place,  20  or  even  10  times  are 
sufficient.  The  sulphuric  acid  becomes  very  warm ;  and  it  is  re- 
markable, that,  if  the  vacuum  be  kept  up,  the  ice  itself  evaporates. 
In  ^ve  or  six  days,  ice  of  an  inch  in  thickness  will  entirely  disappear. 
The  acid  continues  to  act,  till  it  has  absorbed  an  equal  volume  of  water.* 

In  this  interesting  process,  if  it  were  not  for  the  sulphuric  acid,  an 
atmosphere  of  aqueous  vapour  would  fill  the  receiver ;  and,  pressing 
on  the  surface  of  the  water,  would  prevent  the  further  production  of 
vapour.  But  the  steam,  which  rises,  being  condensed  the  moment  it  is 
formed,  the  evaporation  goes  on  very  rapidly,  and  has  no  limits  but  the 
quantity  of  the  water,  and  the  diminished  concentration  of  the  acid. 

196.  It  is  on  the  same  principle,  that  the  instrument  invented  by 
WoUaston,  and  termed  by  him  the  Cryophorus^  or  Prostbearer,  is 
founded.  (Fig.  45.)  When  an  instrument  of  this  kind  is  well  prepared,  if 
the  empty  ball  be  immersed  in  a  mixture  of  snow  and  salt,  Uie  water  in 


*  This  beautiful  experiment  is  not  snccessful  with'  pumps  on 
the  usual  construction.  Pumpe  are  now  made  by  Chamberlain  of 
Boston,  which  produce  the  enect  with  ease  and  rapidity.  See 
Prontispiece. 

An  elegant  manner  of  making  the  experiment  is  to. coyer  the 
vessel  of  water  fFig.  44,  a)  with  a  plate  of  metal  or  glass,  fixed  to 
the  end  of  a  sliaing  wire  &,  which  must  pass  through  the  neck  of 
the  receiver,  and  be  at  the  same  time  air  tight,  and  capable  of  be- 
inff  drawn  upwards.  When  the  receiver  is  exhausted,  the  water 
will  continue  fluid,  till  the  cover  is  removed,  when,  in  less  than 
five  minutes,  needle-shaped  crystals  of  ice  will  shoot  through  it, 
and  the  whole- will  soon  oecome  frozen. 


Fig.  44. 
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the  other  ball,  though  at  the  distance  of  two  or  three  feet,  will  be    Secuni. 
frozen  solid  in  the  coarse  of  a  very  lew  minutes.* 

197*  The  disappearance  of  heat  that  accompanies  yaporization  was 
explained  by  Black,  in  the  way  already  mentioned  under  the  head  of 
liquefaction,  (177.) 

The  variation  of  volume  and  elasticity  in  vapours  is  attended,  as 
in  gases,  with  a  change  of  specific  heat  and  a  consequent  variation  of 
temperature.  Thus  when  steam,  highly  heated  and  compressed  in  a 
strong  boiler,  is  permitted  to  escape  by  a  large  aperture,  the  sudden 
expansion  is  attended  with  a  great  loss  of  sensible  heat :  its  tempera- 
ture instantly  sinks  so  much,  that  the  hand  may  be  held  in  the  cur- 
rent of  vapour  without  inconvenience.  The  same  principle  accounts 
for  the  fact,  first  ascertained  by  Watt,  that  distillation  at  a  low  tem- 
perature is  not  attended  With  any  saving  of  Aiel.  For  when  water 
t)oils  at  a  low  temperature  in  a  vacuum,  the  vapour  is  in  a  highly 
expanded  state,  and  contains  more  insensible  heat  than  steam  of 
greater  density. 

198.  In  many  natural  operations  the  conversion  of  water  into  va- 
pour, and  the  condensation  of  vapour  in  the  form  of  dew  and  rain,  is 
a  process  of  the  utmost  importance,  and  tends  considerably  to  the 
equalization  of  temperature  over  the  globe. 

Water,  as  has  been  seen  (192)  in  passing  into  vapour  from  heat, 
absorbs  caloric  without  increasing  in  temperature ;  this  vapour  as- 
cends in  the  atmosphere ;  when  the  heat  diminishes,  or  when  wafted 
to  colder  regions,  it  is  condensed,  and  gives  out  the  caloric  it  had  ab-  Tempera* 
sorbed.    In  seasons  or  situations  where  the  cold  becomes  still  more  ^^'T.  ^C^''* 
intense,  water  is  congealed ;  and  in  suffering  this  change  it  evolves  LaJIued^ 
caloric  (180)  to  moderate  the  progressive  reduction  of  temperature. 
When  warmth  is  restored,  it  returns  to  the  liquid  state,  absorbs  calo- 
ric, and  retards  the  approaching  heat.    The  transition  of  seasons  is 
thus  moderated  ;  sudden  and  extreme  variations  are  guarded  against, 
and  the  temperature  of  the  globe  everywhere  preserved  more  uni- 
form.    H.  1.  480. 

199.  As  evaporation  goes  on  to  a  certain  extent  even  at  low  tern- 

♦  It  may  be  fonned  by  taking  a  glass  tube,  haTing  Fig*  ^» 

an  internal  diameter  abont  |th  of  an  inch,  the  tube  be-       Z^™'"""'  ^v 

ing  bent  to  a  right  angle  at  the  distance  or  half  an  inch     r  j  C^ 

fnm  each  ball  (Fig.  46).  One  of  these  balls  should  be  abont     V^  ^^ 

|d  filled  with  water,  and  the  other  should  be  as  nerfect  a 

mennm  as  oan  readilv  be  obtained,  the  mode  or  efiecting  which  is  well  known  to 
those  accustomed  to  blow  glass.  One  of  the  balls  is  made  to  terminate  in  a  capillary 
tube ;  and  when  the  water  in  the  other  ball  has  been  boiled  oTer  Fig.  46. 
a  lamp  a  considerable  time,  till  all  the  air  is  expelled^  the  capillarf 
extremity,  through  which  the  steam  is  still  issuing  with  violence,  it 
held  in  the  flame  of  the  lamp,  tiU  the  force  of  tbe  vapour  is  so  far 
radooed,  that  the  heat  of  the  flame  has  power  to  seal  it  nermetically. 

The  experiment  may  be  rendered  eren  more  striking,  if  per- 
formed accordinff  to  Idaroet's  modification  of  it :  the  empty  ball  cot- 
ered  with  a  little  moist  flannel,  is  to  be  suspended  in  the  manner 
shown  in  Fi^.  46,  within  a  receiver,  oTer  a  shallow  yessei  of  strong 
sulphuric  aad,  and  the  receiver  is  then  to  be  exhausted.  In  both 
cases  the  Tapour  in  the  empty  ball  is  condensed  by  the  common  opera- 
tion of  cold ;  and  the  vacuum  produced  by  this  condensation  gives 
opportunity  for  a  fresh  quantity  to  arise  from  the  opposite  ball,  with 
a  proportional  reduction  of  the  temperature  of  its  contents. 
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Chap.  I.    peratures,  it  is  ptobable  that  the  atiftosphere  is  never  absolutely  free 
from  vapour. 

The  quantity  of  vapour  present  in  the  ntmosphere  is  very  variable, 
in  consequence  of  the  continual  change  of  temperature  to  which  the 
air  is  subject.  But  even  when  the  temperature  is  the  same,  the 
quantity  of  vapour  is  still  found  to  vary ;  for  the  air  is  not  always  in 
a  state  of  saturation.     This  variable  condition  of  the  atmosphere  as 

r*  to  saturation  is  ascertained  by  the  hygrometer. 

toft?"'"*"  200.  A  great  many  hygrometers  have  been  invented ;  but  they  may 
all  be  referred  to  three  principles.  The  construction  of  the  first  kind  of 
hygrometer  is  founded  on  the  property  possessed  by  some  substances 
of  expanding  in  a  humid  atmosphere,  owing  to  a  deposition  of 
moisture  within  them ;  and  of  parting  with  it  again  to  a  dry  air,  and 
in  consequence  contracting.  Of  these,  none  is  better  than  the  hu- 
man hair,  which  not  only  elongates  freely  from  imbibing  moisture, 
but,  by  reason  of  its  elasticity>  recovers  its  original  length  on  drying. 

SaatsiiK*8,  r£^^  hygrometer  of  Saussure  is  made  with  this  material. 

The  second  kind  of  hygrometer  points  out  the  opposite  states  of 
dryness  and  moisture  by  the  rapidity  of  evaporation.  Water  does 
not  evaporate  at  all  when  the  atmosphere  is  completely  saturated 
with  moisture ;  and  the  freedom  with  which  it  goes  on  at  other 
times,  is  in  proportion  to  the  dryness  of  the  air.  The  hygrometric 
condition  of  the  air  may  be  determined,  therefore,  by  observing  the 
rapidity  of  evaporation.  The  most  convenient  method  of  doing  this 
is  by  covering  the  bulb  of  a  thermometer  with  a  piece  of  silk  or  linen, 
moistening  it  with  water,  and  exposing  it  to  the  air.  The  descent  of 
the  mercury,  or  the  cold  produced,  will  correspond  to  the  quantity  of 

Leslie's,  yapour  formed  in  a  given  time.  Leslie's  hygrometer  is  of  this  kind. 
The  third  kind  of  hygrometer  is  on  a  principle  entirely  difierent 
from  the  foregoing.  When  the  air  is  saturated  with  vapour,  and  any 
colder  body  is  brought  into  contact  with  it,  deposition  of  moisture 
immediately  takes  place  on  its  surface.  This  is  often  seen  when  a 
glass  of  cold  spring  water  is  carried  into  a  warm  room  in  summer ; 
and  the  phenomenon  is  witnessed  in  the  formation  of  dew,  the 
moisture  appearing  on  those  substances  only  which  are  colder  than 
the  air. 

Dew  and         201.  Until  the  experiments  of  Wells*  the  deposition  of  dew  and 

Hoar  frost,  jjoar  frost  had  been  supposed  to  depend  entirely  upon  the  reduction 
of  temperature  in  the  air  during  the  night,  and  the  consequent  pre- 
cipitation of  its  moisture  to  the  earth.  Wells  has  shown  that  the 
deposition  of  dew  and  hoar  frost,  is  the  consequence  of  the  radiation 
of  caloric  from  the  surface  of  the  earth,  and  that,  under  favourable 
circumstances,  the  temperature  of  the  ground,  especially  when  its 
covering  is  formed  of  some  substance  that  radiates  freely,  as  grass,  is 
several  degrees  below  that  of  the  atmospheric  stratum,  a  few  feet 
above  it.  It  is  this  diminished  temperature  of  the  earth's  surface, 
that  occasions  the  depositions  of  dew  and  hoar  frost,  which  are 
always  observed  to  be  most  abundantly  formed  under  a  clear  un- 
clouded sky ;  a  covering  of  clouds  serves  as  a  mantle  to  the  earth, 
and  prevents  the  free  escape  of  radiant  caloric,  hence  the  advantage 
of  snow  and  artificial  coverings  in  protecting  plants. 

*  JBm^  on  Dew,  <f«. 


Conducting  Potoera.  63 

The  temperature  at  which  dew  begins  to  be  deposited  is  called  the    Sectni. 
dew  point,  for  determining  which  a  very  ingenious  instrument  has  Dew  poiiit. 
been  contrived  by  Daniell."^     (Jour.  Royal  Institut.  Vol.  8.) 

202.  When  different  bodies  are  exposed  to  the  same  source  of  Condacting 
heat,  they  suffer  it  to  pass  through  them  with  very  different  degrees  Kdies  for 
of  velocity,  or  they  have  various  conducting  powers  in  regard  to  heat,  caloric. 
Among  solid  bodies,  metals  are  the  best  conductors ;  and  silver,  gold, 

tin  and  copper,  are  better  conductors  than  platinum,  iron,  and  lead. 
Next  to  the  metals,  we  may,  perhaps,  place  the  diamond  and  topaz  ; 
then  glass ;  then  siliceous  and  hard  stony  bodies  in  general ;  then 
soft  and  porous  earthy  bodies,  and  wood ;  and  lastly,  down,  feathers, 
wool,  and  other  porous  articles  of  clothing. 

203.  To  exhibit  the  general  fact,  small  cones  of  the  different  sub-  Appantm 
stances  may  be  used  about  three  inches  high,  and  half  an  inch  in  [^J^"*^*' 
diameter  at  their  bases :  these  may  be  tipped  at  the  apex  with  a 

small  piece  of  wax,  and  being  placed  on  a  heated  metallic  plate,  will 
indicate  the  conducting  powers  by  the  relative  times  required  to  fuse 
the  wax,  which  will  be  inversely,  as  the  power  of  conducting  heat*t 

The  difference  between  the  conducting  power  of  the  diamond  and 
rock  crystal  or  glass,  is  shown  by  applymg  the  tongue  to  those  sub- 
stances, when  the  former  feels  colder  than  the  latter.t 

204.  Bumford's  experiments  on  the  conducting  power  of  several  Coodacting 
substances  used  as  clothing,  offer  some  interesting  results.^    He  ??^'  ^^ 
found  that  a  thermometer  enclosed  in  a  tube  and  bulb  of  the  same  substaiKei. 
shape,  but  large  enough  to  allow  of  an  inch  vacant  space  between 

the  two,  being  previously  heated,  required  576  seconds  to  cool  135^. 
When  16  grains  of  lint  were  diffbsed  through  the  confined  air,  it 
took  1032  seconds  to  undergo  the  same  change  of  temperature  ;  and 
1305  seconds,  with  the  same  weight  of  eider  down.  The  compres- 
sion of  flf)cculent  substances  to  a  certain  extent,  renders  them  still 
inferior  conductors ;  thus,  when  the  space  which  in  the  above  expe- 
riments contained  16  grains  of  eider  down  was  filled  with  32,  and 
then  with  64  grains,  the  times  required  for  the  escape  of  60  degrees 
of  heat  were  successively  increased  from  1305"  to  1475"  and 
1615". 

On  the  other  band  to  show  the  effect  of  mere  texture,  similar  Efiect  of 
comparative  trials  were  made  of  the  conducting  powers  of  equal  texiuw- 
weights  of  raw  silk,  of  ravellings  of  white  taffeta,  and  of  common 
sewing  silk,  of  which  the  first  has  the  finest  fibre,  the  second  less 
fine,  and  the  third,  from  being  twisted  harder,  is  much  coarser. 

*  A  less  expensive  instroment  is  made  by  Pollock,  of  Boston ;  it  is  a  thermometer 
filled  with  ether,  having  two  bulbs  at  the  same  extremity  of  the  tube,  the  upper  one 
being  covered  with  muslin.  When  sulphuric  ether  is  dropped  upon  the  muslin,  the 
temperature  of  the  two  bulbs  falls,  and  a  deposition  of  dew  becomes  visible  on  the 
lower  and  exposed  bulb.  The  degree  indicated  by  the  thermometer  at  that  instant  is 
the  dew  point* 

t  This  experiment  may  be  varied  by  attaching  small  pieces  of  phosphorns  to  the         ' 
cones.    See  on  this  subject  ingenious  experiments  and  apparatus  Dy  Bache,  in  Am, 
Jour.  xxviiL  320. 

tFrom  the  expeitoients  of  Mayer,  of  Erlangen,  {Ann,  de  Odm*  tom^  xxx,)  it  would 
appear  that  the  conducting  powers  of  different  woods  are  in  some  measure  inversely  as 
toeir  specific  gravities,  water  being  assumed  ass:  1. 

f  PWL,  IVons.  179S. 

*  See  description  of  a  Portable  HyKioineter,  Hayes,  in  Jtau  Jtmr,  Sci,  xvii.  351. 


64 


Caloric* 


Ghftp.  t. 


PneticBl 
application. 


Senntions 
of  heataod 
ooid 


Liquids  and 
gases  im- 
perfect oon- 
auctors. 

Exp. 


Exp. 


Exp. 


,  The  difierence  between  these  three  modifications  of  the  same  sub- 
stance is  very  striking,  the  raw  silk  detaining  the  heat  for  1824 ' ', 
the  tafieta  ravellings  1469 '  i,  and  the  silk  thread  only  947 '  '.^ 

20&  The  difierent  conducting  powers  of  bodies  in  respect  to  heat, 
are  shown  in  the  application  of  wooden  handles  to  metallic  Tessels  ; 
or  a  stratum  of  ivory  or  wood  is  interposed  between  the  hot  vessel  and 
the  metal  handle.  The  transfer  of  heat  is  thus  prevented.  Heat  is 
confined  by  bad  conductors ;  hence  clothing  for  cold  climates  con* 
sists  of  woollen  materials ;  hence,  too,  the  walls  of  furnaces  are 
composed  of  clay  and  sand.  Confined  air  is  a  very  bad  conductor  of 
heat ;  hence  the  the  advantage  of  double  doors  to  furnaces,  to  pre- 
vent the  escape  of  heat;  and  of  a  double* wall,  with  an  interposed 
stratum  of  air,  to  an  ice-house,  which  prevents  the  influx  of  heat 
from  without. 

206.  From  the  difilerent  conducting  powers  of  bodies  in  respect  to 
heat,  arise  the  sensations  of  heat  and  cold  experienced  upon  ther  ap- 
plication to  our  organs,  though  their  thermometric  temperature  is 
similar.  Good  conductors  occasion,  when  touched,  a  greater  sensar 
tion  of  heat  and  cold  than  bad  ones.  Metal  feels  cold  because  it 
readily  carries  off  the  heat  of  the  body ;  and  we  cannot  touch  a  piece 
of  metal  immersed  in  air  of  a  temperature  moderate  to  our  sense. 

207.  Liquids  and  gases  are  very  imperfect  conductors  of  heat,  and 
heat  is  generally  distributed  through  them  by  a  change  of  specific 
gravity ;  by  an  actual  change  in  the  situation  of  their  particles. 

Take  a  glass  tabe,  ten  or  twenty  inches  long,  and  fbar  or  six  in  diameter. 
Pour  into  Uie  bottom  part,  for  about  the  depth  of  five  inches,  water  tinged  with 
litmus,  or  cabbage,  and  fill  up  the  tube  witn  common  water,  pourine  on  the  lat- 
ter extremely  gently,  so  as  to  keep  the  two  strata  quite  disUnct.  If  the  upper 
part  of  the  tube  be  first  heated,  tlie  coloured  liquor  will  remain  at  bottom ;  but 
if  the  tube  be  afterwards  heated  at  bottom,  the  inftision  will  ascend,  and  will 
tinge  the  whole  mass  of  fluid. 

A  convenient  method  of  exhibiting  this  has  been  contrived 
by  Hare.  (Fig.  47.)  A  glass  iar,  about  30  inches  in  height,  is 
supplied  with  as  much  colourless  water  as  will  rise  in  it  with- 
in a  few  inches  of  the  brim.  By  means  of  a  tube  descending 
to  the  bottom,  a  small  quantity  of  blue  colouring  matter  is  in- 
troduced beUno  the  colourless  water,  so  as  to  form  a  stratum, 
as  represented  at  A  in  the  annexed  cut.  A  stratum  diflferent- 
ly  coloured,  is  formed  in  the  upper  part  of  the  vessel,  as  at  B. 
A  tin  cap,  supporting  a  hollow  tin  cylinder,  closed  bt  the  bot- 
tom, and  about  an  inch  less  in  diameter  than  the  jar,  is  next 
placed  as  it  is  seen  in  the  figure,  so  that  the  cylinder  majr  be 
concentric  with  th^  jar,  and  descend  about  3  or  4  inches  into 
the  water.  If  an  iron  heater  H  while  red  hot,  be  placed 
within  the  tin  cylinder,  the  coloured  ^ater  about  it  wiU  soon 
boil ;  but  the  heat  penetrates  only  a  very  small  distance  be- 
low the  tin  cylinder,  so  that  the  colourless  water,  and  the 
coloured  stratum,  at  the  bottom  of  the  vessel,  remain  undisturbed,  and  do  not 
mingle.  But  if  an  iron  ring  r  be  placed  while  red  hot,  upon  the  iron  stand  which 
surrounds  the  jar  at  S,  S,  the  liquid  soon  rises,  in  beautiful  clouds,  until  it  en- 
counters the  warmer  and  lighter  particles  which  had  been  in  contact  with  the 
tin  cylinder.t 

Fill  a  jar  with  hot  water ;  and  place  a  cake  of  ice  on  the  surface  of  the  water. 
The  ice  will  soon  be  melted.    This  experiment  is  the  more  striking,  if  the  water 


*  Aiken's  Diet.  art.  Caloric. 

t  Prom  Haretfs  Bngravinfrt  and  detctiptian  of  Cftemieal  Appmrahu,  Ac.  Part  Ist, 
P*ge4l.  ' 
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ufldd  for  fonning  the  cake  of  ice,  be  previously  coloured  with  Utinos ;  fori  the    See.  III. 
descending  currents  of  cold  water  are  thus  m^e  apparent.  Rnmf  ril»~  /  t  ^ 

Substituting  water  of  the  temperature  oTtf/k  for  tne  boiling  water  used  in  this  f^^J^!^  *  ^V 
experiment.  Rumford  found,  that,  in  a  ffiventime,  a.  much  greater  quantity  ^^m^ts. 
ice  was  melted  by  the  cooler  water.  This  appears,  on  first  view,  rather  para- 
doxical. The  &ct,  however,  is  e»lained  by  the  remarkable  property  of  water, 
viz.  that  when  cooled,  below  4(F,  it  ceases  to  contract,  and  experiences  on  the 
contrary,  an  enlargement  of  bulk.  Water,  therefore,  at  40^  (at  the  bottom  of 
which  18  a  mass  of  ice  at  32^,)  is  cooled  by  contact  with  the  ice,  and  is  expao" 
ded  at  the  same  moment.  It  therefore  ascends,  and  is  replaced  by  a  heavier  and 
warmer  portion  from  above. 

208.  It  is  a  consequence  of  the  same  property,  that  the  surface  of 
a  deep  lake  is  sometimes  covered  with  ice,  even  when  the  water  be» 
low  is  only  cooled  to  40^;  for  the  superficial  water  is  specifically  light* 
er  than  the  warmer  water  beneath  it,  and  retains  its  place,  till  it  is 
changed  into  ice.  This  property  of  water  is  one  of  the  most  remark* 
able  exceptions  to  the  law  of  expansion.  (153.) 

209.  From  the  fact  that  heat  applied  to  the  upper  surface  of  water, 
will  with  difficulty  make  its  way  downwards,  (207),  Rumford  wiis 
induced  to  deny  that  water  could  conduct  at  all. 

Let  an  air  thermometer  be  cemented  into  a  glass  funnel  sup-  p|g.  49, 

ported  as  represented  in  Fig.  48 ;  cover  the  bulb  of  the  instru-       ^ 
ment  with  water,  and  upon  the  surface  of  the  water  pour  a 
small  quantity  of  ether.    The  ether  may  be  inflamed  and  the  air 
thermometer  will  not  be  sensibly  afiected. 

210.  The  inference  that  water  is  a  complete  non- 
conductor of  caloric  has  been  contradicted  by  the  sub- 
sequent inquiries  of  Hope,  Thomson,  and  Murray. 
Though   they    all  admit  that  water  and  liquids  in 

feneral,  mercury  excepted,  possess  the  power  of  con- 
noting caloric  in  a  very  slight  degree.  The  follow- 
ing experiment  made  by  Murray  has  been  deemed  con- 
clusive. 

If  wc  carefully  pour  hot  oil  upon  water  in  a  tall  glass  jar,  with  delicate  ther^  p 
mometers  placea  at  different  distances  under  the  surface,  it  will  be  found  that  ^^' 
those  near  the  heated  surface  indicate  increase  of  temperature. 

It  might  here  be  said  that  the  heat  was  conducted  by  the  sides  of 
the  jar,  and  so  communicated  to  the  water;  to  obviate  such  objection 
Murray  made  the  experiment  in  a  vessel  of  ice,  which  being  con- 
verted into  water  at  32°,  cannot  convey  any  degree  of  heat  above 
92°  downwards ;  yet  the  thermometers  were  afiectedi  as  in  the  forv 
mer  trial.* 

211.  It  is  extremely  difficult  to  estimate  the  conducting  power  of  ^^^^^ 
aeriform  fluids.     Their  particles  move  so  freely  on  each  other,  that  fluids, 
the  moment  a  particle  is  dilated  by  heat,  it  is  pressed  upwards  with 
great  velocity  by  the  descent  of  colder  and  heavier  particles,  so  that 
an  ascending  and  descending  current  is  instantly  established.     Be- 
sides, these  bodies  allow  a  passage  through  them  by  radiation. 

212.  There  is  yet  another  mode  by  which  heat  passes  from  one  Radiation, 
body  to  another ;  and  as  it  takes  place  in  all  gases,  and  even  in 
vacuOf  it  is  inferred  that  the  presence  of  a  medium  is  not  necessary 
to  its  passage.  This  mode  of  distribution  is  called  Radiation  of 
Heat,  and  the  heat  so  distributed  is  called  Radiant,  or  Radiated  Heat, 
A  heated  body  suspended  in  the  air  cools,  or  is  reduced  to  an  equili- 

*  See  Uttther's  EzMrioMiiU  io  Amer,  Jour,  qf  Sd,  lii.  3S8. 
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brium  with  surrounding  bodies,  in  three  ways ;  firsti  by  the  conduct- 
ing power  of  the  air,  the  influence  of  which  is  very  trifling ;  secondly, 
by  the  mobility  of  the  air,  in  contact  with  it ;  and  thirdly,  by  radiation. 

213.  Radiant  caloric  passes  from  a  hot  body  in  all  directions  in  right 
lines,  like  radii  drawn  from  the  centre  to  the  circumference  of  a  circle. 

When  these  rays  fall  upon  the  surface  of  a  solid  or  liquid  sub- 
stance, they  may  be  disposed  of  in  three  difierent  ways.  By  reflec* 
tion,  by  absorption,  and  by  transmission. 

In  the  first  and  third  cases  the  temperature  of  the  body  on  which 
the  rays  fall  is  altogether  unafiected,  whereas  in  the  second  it  is  in- 
creased. 

214.  Radiation  in  the  air-pump  vacuum,  may  be 
shown  by  igniting  charcoal,  by  means  of  the  Voltaic 
battery,  placed  in  the  focus  of  a  small  mirror  con- 
fined in  the  exhausted  receiver  of  the  air-pump. 
Davy  found  that  the  receiver  being  exhausted  to  y^, 
the  efiect  upon  the  thermometer  in  the  opposite  focus 
was  nearly  three  times  as  great  as  when  the  air  was 
in  ita  natural  state  of  condensation.  Fig.  49,  a  is  the 
receiver)  b  h  the  insulated  wires  connected  with  the 
voltaic  apparatus  igniting  the  charcoal  in  the  focus  of 
the  upper  mirror  c.  In  the  focus  of  the  lower  mirror 
d  is  the  thermometer  e. 

215.  The  radiation  of  heat  by  hot  bodies  is  singularly  influenced 
by  the  nature  and  condition  of  their  surfaces,  a  circumstance  which 
was  first  examined  by  lioslie.^ 

He  made  use  of  a  canister  of  planished  block  tin,  forming  a  cube  of  six  or 
«i||ht  inches,  having  an  orifice  at  the  middle  of  its  upper  side.  This  orifice  re- 
ceived a  cap  having  a  small  hole,  through  which  a  thermometer  was  inserted,  so 
.that  its  bulb  reached  the  centre  of  the  canister.  One  side  of  the  canister  be 
,  covered  with  black  paint ;  destroyed  the  polish  of  another  side,  by  scraCchinff  it 
with  sand-paper ;  tarnished  a  third  with  quicksilver ;  and  lefl  the  fourth  bri^t. 
The  .vessel  yras  filled  with  boiling  water.  The  radiation  of  caloric  firom  the 
blackened  side  was  so  much  more  abundant  than  from  the  others^  as  to  be  even 
sensible  to  the  hand.  He  placed  it  before  a  reflector  (Fig.  51)  in  lieu  of  the  heat- 
ed iron  ba>l  described  (220.)  The  thermometer,  in  the  focus  of  the  second  re- 
flector, indiea^  the  highest  tiemperature,  or  most  copious  radiation  of  caiwic, 
when  the  blacjtened  si(ie  was  presented  to  the  reflector ;  less,  when  .the  tarnish- 
ed or  scratched  side  was  turned  towards  it ;  and  lea^t  of  all  fit>m  the  polished 
side.t 

t  ■  ■ '        I.I  I       ,  ,, ■    ■  ■  ■  * 

*  Eaaay  <m  ^eat^  1804. 

t  The  annexed  figure  represents  an  iageoioas  and  much  better  apparatus  for  show- 
ing the  differei^t  absorbing  and  radiating  powers  of  different  snitaces.  A  prism  of 
any  convenient  nnrober  (h  sides,  is  made  into  an  air  thermometer,  by  pladng  a  glass 
tube  in  it  through  a  conical  opening  which  ean  be  made  air 
tight ;  the  sides  are  variously  coated.  This  is  made  to  fit 
loosely  into  a  prism  of  the  same  form,  but  wantin?  one  side. 
To  show  the  diicrent  absorbing  powers  of  the  different  sub- 
stances, the  vessels  are  placed  as  in  the  figure,  before  aoother* 
A,  containing  hot  water,  hot  sand  or  any  other  convenient 
source  of  heat.  If  the  side  of  the  air  thermometer  which  is 
the  worst  absorbent  of  heat  is  exposed  to  the  source  of  heat, 
the  air  within  is  expendedj  and  the  position  of  the  liquid  in 
the  tube  is  marked  by  the  index ;  a  oetter  absorbent  is  ex- 
posed, and  the  liquid  rises  higher ;  a  worse  and  it  falls  below 
Its  original  level.  The  outer  sheath  protects  the  sides  which 
are  not  intended  to  be  exposed,  from  the  radiation  of  the  ves- 
sel A  and  equalizes  the  radiation  fVom  the  surfiices  not  ex- 
posed. 

To  show  the  radiating  powers  of  the  surfaees,  the  sheath  is  turned  so  that  the  open 
side  is  exposed  to  the  air. — Bache  in  Amer.  Jour,  xxviii.  S2S. 


rif .  60. 


ReJUetian  of  Heat.  67 

216.  It  follows  from  these  researches  that  velocity  of  radiation  de*    8>ct.ni. 
pends  more  on  the  mrface  than  the  subsUmce  of  a  radiating  body :  InferencM. 
that  the  most  imperfect  radiators  are  to  be  sought  among  those  bodies 

which  are  highly  smooth  and  bright,  such  as  polished  gold,  silver, 
tin,  and  brass ;  but  that  these  same  metals  radiate  freely  when  their 
smoothness  and  polish  are  destroyed,  as  by  scratching  their  surfaces 
with  a  file,  or  covering  them  with  whiting  or  lampblack.  A  metal- 
lic surface  seems  adverse  to  radiation  independently  of  its  smooth- 
ness,  since  a  highly  polished  piece  of  glass  radiates  far  better  than 
an  equally  polished  metallic  surface.  Scratching  a  surface  probably 
favours  radiation  by  multiplying  the  number  of  radiating  points. 

217.  Some  interesitng  experiments  by  Stark  of  Edinburgh  have  stark'i 
appeared,^  illustrative  of  the  connexion  between  radiation  and  the  experi- 
colour  of  surfaces.  The  bulb  of  a  delicate  thermometer  was  sue-  °^''^* 
cessiveiy  surrounded  by  equal  weights  of  differently  coloured  wool, 

was  placed  in  a  glass  tube,  heated  by  immersion  in  hot  water  to 
18(r,  and  then  cooled  to  50^  in  cold  water.  The  times  of  cooling 
v/ere  21  minutes  with  black  wool,  26  with  red  wool,  and  27  with 
white  wool.  Concurring  results  were  obtained  with  flour  of  difier- 
ent  colours.  Likewise,  black  wool  was  found  to  collect  more  dew 
than  an  equal  weight  of  white  wool,  other  circumstances  being  alike. 
This  is  the  first  time  that  direct  experiments,  seemingly  unexception- 
able, have  been  made  in  proof  of  the  influence  of  colour  over  radia** 
tion. 

218.  It  has  been  known  for  ages  that  the  heat  contained  in  the  Rtilietion 
solar  rays  admits  of  being  reflected  by  mirrors,  and  a  like  property  ^^  caloric, 
has  long  since  been  recognized  in  the  i^ys  emitted  by  red-hot  bo- 
dies ;  but  that  heat  emanates  in  invisible  rays,  which  are  subject  to 
the^ame  laws  of  reflection  as  those  that  are  accompanied  by  light, 

is  a  modern  discovery,  noticed  indeed  by  Lambert,  but  first  ^cisive- 
ly  established  by  Saussure  and  Pictet  of  Geneva.  (220) 

This  reflection  of  heat  may  be  shown  by  standing  at  the  side  of  a 
fire  in  such  a  position  that  the  heat  cannot  reach  the  face  directly, 
amd  then  placing  a  plate  of  tinned  iron  opposite  the  grate,  and  at  such 
an  inclination  as  permits  the  observer  to  see  in  it  the  reflection  of 
the  fire :  as  soon  as  it  is  brought  to  this  inclination,  a  distinct  im- 
pression of  heat  will  be  perceived  upon  the  face.  If  a  line  be  drawn 
from  a  radiating  substance  to  the  point  of  a  plane  surface  by  which 
its  rays  are  reflected,  and  a  second  line  from  that  point  to  the  spot 
where  its  heating  power  is  exerted,  the  angles  which  these  lines  form 
with  a  line  perpendicular  to  the  reflecting  plane  are  called  the  angles 
of  incidence  and  reflection,  and  are  invariably  equal  to  each  other. 
It  follows  from  this  law,  that  when  a  heated  body  is  placed  in  the 
focus  of  a  concave  parabolic  reflector,  the  diverging  rays  which  strike 
upon  it  assume  a  parallel  direction  with  respect  to  each  other ;  and 
that  when  these  parallel  rays  impinge  upon  a  second  concave  reflec« 
tor,  standing  opposite  to  the  former,  they  are  made  to  converge,  so  as 
to  meet  together  in  its  focus.  Their  united  influence  is  thus  brought 
to  bear  upon  a  single  point. 

*  Edin,  Pha,  TVofit.  Put  IL  1833. 
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oiiap.1.  219.  Those  sarface?,  that  reflect  light  most  perfectly  are  not  equal* 
ly  adapted  to  the  reflection  of  caloric.  Thus,  a  glass  mirror,  which 
reflects  light  with  great  eflect  wiien  held  before  a  blazing  Are,  scarce- 
ly returns  any  beat,  and  the  mirror  itself  becomes  warm.  On  the 
contrary,  a  polished  plate  of  tin,  or  a  silver  spoon,  when  similarly 
placed  reflects,  to  the  hand,  a  very  sensible  degree  of  warmth ;  and 
the  metal  itself  remains  cool.  Metals,  therefore,  are  much  better 
reflectors  of  caloric  than  glass  ;  and  they  possess  this  property,  ex- 
actly according  to  their  degree  of  polish. 
Pictet*8  ex-  ^0.  Caloric  is  reflected  according  to  the  same  law  that  regulates 
perimtnu.  the  reflection  of  light.  This  is  proved  by  an  interesting  experiment 
of  Pictet ;  the  means  of  repeating  which  may  be  attained  at  a  moder- 
ate expense. 

Proyide  two  reflectors  of  planished  tin,  (a  and  b.  Fig.  51),  which  may  be  12 
inches  diameter,  and  segments  of  a  sphere  of  nine  inches  radius.  Parabolic 
mirrors  are  still  better  adapted  to  the  purpose,  but  their  construction  is  less  easy. 
Each  of  these  must  be  furnished,  on  its  convex  side,  with  the  means  of  support- 
ing it  in  a  perpendicular  position  on  a  proper  stand.  Place  the  mirrors  opposite 
to  each  other  on  a  table,  at  the  distance  of  from  6  to  12  feet.  Or  they  may  be 
placed  in  a  horizontal  position,  as  represented  in  the  fourth  plate  to  Davy*s 
CkcmUal  Philosophy^  an  arrangement  in   some  respects  more  convenient.    Id 

Fig.  51. 


the  focus  of  one,  let  the  ball  of  an  air  thermometer,  or  (which  is  still  better)  one 
of  the  balls  of  a  differential  thermometer,  be  situated ;  and  in  that  of  the  other, 
suspend  a  ball  of  iron,  about  four  ounces  in  weight,  and  heated  below  ignition, 
or  a  small  matrass  of  hot  water ;  having  previously  interposed  a  screen  before 
(he  thermometer.  Immediatel]^  on  withdrawing  tne  screen,  the  depression  of 
the  column  of  liquid,  in  the  air  thermometer,  evinces  an  increase  of  tempera- 
ture in  the  instrument. 

In  this  experiment,  the  caloric  flows  first  from  the  heated  ball  to 
the  nearest  reflector  ;  from  this  it  is  transmitted,  in  parallel  rays,  to 
the  surface  of  the  second  reflector,  by  which  it  is  collected  into  a  fo- 
cus on  the  instrument.     This  is  precisely  the  course  that  is  followed 
by  radiant  light ;  for  if  the  flame  of  a  taper  be  substituted  for  the 
iron  ball,  the  image  of  the  candle  will  appear  precisely  on  that  spot, 
(a  sheet  of  paper  being  presented  for  its  reception,)  where  the  rays 
of  caloric  were  before  concentrated. 
AppBTent        221.   When  a  glass  vessel,  filled  with  ice  or  snow,  is  substituted 
reflection  of  for  the  heated  ball,  the  course  of  the  coloured  liquid  in  the  ther- 
^^*  mometer  will  be  precisely  in  the  opposite  direction  ;  for  its  ascent 

will  show,  that  the  air  in  the  ball  is  cooled  by  this  arrangement. 
This  experiment,  which  appears,  at  first  view,  to  indicate  the  reflec- 


Injliunet  of  CoUmrs.  ®^ 

lion  of  cold,  presents^  iti  fact,  only  the  reflection  of  heat  in  an  op    8eci.ni. 
posite  direction ;  the  ball  of  the  thermometer  being,  in  this  instance} 
the  hotter  body. 

222.  From  what  has  been  said  concerning  the  communication  Pnctical 
and  radiation  of  heat,  and  of  the  circumstances  that  influence  the  ^"^* 
heating  and  cooling  of  bodies  in  these  different  ways,  many  useful 
practical  observations  may  be  drawn.  Water  continues  much  longer 
warm  in  a  resplendent  than  in  a  blackened  vessel.  Hence  metallic 
ones,  with  their  surfaces  polished,  are  employed  for  holding  warm 
water,  when  we  wish  it  to  retain  its  heat  for  some  time.  It  is  a 
common  remark,  that  tea  is  more  easily  infused  in  a  silver  than  in 

an  earthen  tea-pot,  which  was  at  one  time  supposed  to  be  owing  to 
some  property  of  the  metal  itself,  but  which  is  now  accounted  for  by 
the  laws  of  radiation,  the  bright  metallic  surface  giving  forth  fewer 
rays  than  the  other,  and,  of  course,  cooling  the  water  less  slowly. 
A  metal  is,  however,  a  good  conductor ;  it  is  of  advantage  therefore, 
to  have  not  only  a  bad  radiator,  but  also  a  bad  conductor,  that  the 
heat  given  off  from  the  surface  by  radiation,  may  be  slowly  sup- 
plied from  the  interior.  Hence  the  frequent  use  of  earthen  ware 
covered  with  metallic  matter,  for  holding  warm  fluids,  as  for  jugs 
and  tea-pots,  the  earthen  ware  being  a  bad  conductor,  and,  by  hav<> 
Ing  its  surface  resplendent,  becoming  also  a  bad  radiator,  by  which 
little  heat  is  given  off. 

223.  When,  on  the  contrary,  we  wish  to  cool  a  fluid  quickly,  it  must 
be  put  into  a  vessel*  which  is  a  good  conductor,  as  a  metallic  one,  and 
with  its  surface  blackened,  to  make  it  a  good  radiator.  In  conveying 
heated  air,  or  steam,  from  one  place  to  another,  with  the  view  of 
heating  apartments,  the  tube  ought  to  be  made  of  bright  metal,  as 
tinned  iron,  that  there  may  be  little  heat  lost  before  the  air  reaches 
the  place  to  be  warmed.  When,  on  the  contrary,  the  steam  is  to  be 
condensed,  the  tubes  ought  to  be  made  of  blackened  metal,  as  sheet 
iron,  so  that  a  great  deal  of  caloric  may  be  given  ofl*,  both  by  radia- 
tion and  by  communication. 

224.  When  we  have  to  guard  a  body  from  heat,  we  cannot  employ 
a  better  protector  than  a  plate  of  bright  metal.  Thus,  in  erecting  a 
stove  near  woodwork,  the  latter  ought  to  have  a  sheet  of  tinned  iron 
placed  near  it,  but  not  in  contact  with  it,  by  which  the  greater  part  of 
the  rays  sent  ofl*  from  the  stove  are  reflected.  Should  the  metal  it- 
self become  warm,  the  layer  of  air  between  it  and  the  wood,  being  a 
very  bad  conductor,  prevents  in  a  great  measure  the  transmission  of 
the  heat.  Should  stone  be  employed  as  the  protector,  it  should  be 
whitened,  so  that  it  may  absorb  as  few  of  the  rays  as  possible. 

225.  As  the  reflecting  power  is  materially  influenced  by  the  na- 
ture of  surfaces,  the  absorptive  power  must  be  so  likewise.  Those 
qualities  of  a  surface  which  increase  reflection  are  to  the  same  extent 
adverse  to  absorption ;  and  those  which  favour  absorption  are  pro- 
portionally injurious  to  reflection.^  Colour  has  considerable  influ-iaflueno9 of 
ence,  as  is  shown  by  the  following  very  simple  experiment  of  colour. 
Franklin. 

On  a  winter's  day,  when  the  ^und  ig  covered  with  snow,  take  four  pieces  of  Exp. 
woollen  cloth,  of  equal  dimensions,  but  of  different  colours,  viz.  black,  blue, 

*  See  Ritchie's  experiments.  Jour,  Roy.  hut,  v.  306. 
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Chhp.  t.    brown,  and  white,  and  lay  them  on  the  eurface  of  the  snow,  in  the  immediate 
'  neighbourhood  of  each  other.    In  a  few  hours,  the  black  cloth  will  have  sunk 

considerablv  below  the  surface  ;  the  blue  almost  as  much  ;  the  brown  evidently 
less ;  and  tne  white  will  remain  precisely  in  its  former  situation. 

Thus  it  appears  that  Ihe  saa's  rays  are  absorbed  by  the  dark  co- 
loured cloth,  and  excite  such  a  durable  heat,  as  to  melt  the  snow  un- 
derneath; but  they  have  less  power  of  penetrating  the  white. 
Hence  the  preference,  generally  given  to  dark  coloured  clothes  du- 
ring the  winter  season,  and  to  light  coloured  ones  in  summet',  appears 
to  be  founded  on  reason, 
^f^a^k**  ^^*  "^^^  dependence  of  the  absot'ptlve  powet  for  sinaple  heat  on 
^  *"^  colour  has  not  till  lately  been  noticed.  From  researches  by  Stark,  it 
seems  that  differently  coloured  wools  wound  upon  the  bulb  of  a  ther- 
mometer, and  exposed  within  a  glass  lube  to  hot  water,  rose  from  80^ 
to  170  in  the  following  times, — black  \^ool  in  4^  30";  dark  green  in 
6>,  scarlet  in  5'  30'',  white  in  8'. 

227.  An  interesting  cotinexion  has  been  traced  by  Nobili  and  Mel- 
loni  between  the  at)sorbing  and  conducting  power  of  surfaces,*  and 
their  researches,  if  free  from  fallacy,  justify  the  inference  that  the 
radiating  and  absorbing  powers  of  surfaces  (ot  simple  heat  are  in  the 
inverse  order  of  their  conducting  powers,     f .  n. 

USS,  Radiant  heat  passes  with  perfect  freedom  through  a  vacuum. 
The  air  and  gaseous  substanced  present  but  a  feeble  barrier  to  its 
progress ;  so  feeble,  indeed,  that  the  degree  of  impediment  which 
they  occasion  has  not  yet  be6n  appreciated.  Transparent  media  of 
a  denser  kind,  oti  the  contrary,  such  as  the  diamond,  rock-crystal, 
glass,  and  water,  even  in  thit)  strata,  greatly  interfere  with  its  pas- 
sage, and  when  in  moderately  thick  ndasses  intercept  it  altogether. 
This  last  remark,  however  is  only  applicable  to  simple  heat,  that  is, 
to  heat  unassociated  with  light.  The  solar  tays  pass  readily  through 
the  substance  of  glas^,  both  heat  and  light  being  refracted  in  their 
passage,  as  is  shown  by  the  operation  of  a  burning-glass  or  lens ; 
and  though  tnath  of  the  heat  emitted  by  the  flarne  of  a  lamp,  or  a 
red  hot  ball  of  iron,  is  arrested  by  glass,  many  calorific  rays  are  di- 
rectly transmitted  along  with  the  light.  But  the  result  is  different 
when  the  healed  body  is  not  luminous.  Leslie  denied  that  any  rays 
of  simple  heat  can  pass  hy  direct  transmission  through  glass,  and 
Brewster  has  supported  this  opinion  by  an  argument  suggested  by  his 
optical  researches.!  Several  ingenious  experiments  have  been  made 
on  this  subject  by  Bitchie  ;  and  it  has  lately  been  e.tamined  by 
Nobili  and  Melloni  with  the  aid  of  their  thermo-multiplier.  All 
these  experimenters  concur  in  the  belief  of  direct  transmission.  The 
total  effect  from  this  cause  is,  however,  very  small ;  and  with 
screens  of  moderate  thickness  it  is  wholly  imperceptible. 

229.  The  recent  experiments  of  Porbesi  have  established  the 
polarization  of  heat  under  all  the  circumstances  in  which  light  is 
polarized,  namely ,  by  reflection,  transmission,  and  double  refraction.^ 
Theories  of  230.  The  tendency  which  all  bodies  evince  to  attain  an  equa- 
lily  of  temperature  by  means  of  radiation,  has  given  rise  to  two  in- 
genious theories,  suggested  respectively  by   Pictet  and  Prevost. 


Heat  polar 
ized. 


radiation. 


*  An.  deChim.  etdePhya.  xlTiii.  198.  t  PhU.  Tratu.  Idl6,  p.  106. 
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According  to  the  former,  bodies  of  equal  temperature  do  not  radiate  ^^a.  iv. 
at  all ;  and  when  the  temperature  is  unequal,  the  hotter  give  calo- 
rific rays  to  the  colder  bodies  till  an  equilibrium  is  established,  at 
which  moment  the  radiation  ceases.  Prevost,  on  the  contrary,  con- 
ceived radiation  to  go  on  at  all  times,  and  from  all  substances,  whe- 
ther their  temperature  were  the  same  or  different  from  that  of 
surrounding  objects.*  Consistently  with  this  view,  the  temperature 
of  a  body  falla  whenever  it  radiates  more  heat  than  it  absorbs ;  its 
temperature  is  stationary  when  the  quantities  emitted  and  received 
are  equal ;  and  it  grows  warm  when  the  absorption  exceeds  the  radi- 
ation. A  hot  body  surrounded  by  others  colder  than  itself,  affords 
an  instance  of  the  first  case  ;  the  second  happens  when  all  the  sul^- 
stances  within  the  sphere  of  each  other's  radiation  have  the  same 
temperature  ;  and  the  third  occurs  when  a  body  is  introduced  into  a 
room  which  is  warmer  than  itsejf.  Of  these  theories  the  preference 
is  very  generally  accorded  to  the  latter.  Most  of  the  phenomena  of 
radiation,  indeed,  admit  of  a  satisfactory  explanation  by  both  ;  but,  on 
the  whole,  the  theory  of  Prevost  is  more  generally  applicable,  t.  12. 

231.  The  sources  of  heat  may  be  reduced  to  six.     1.  The  sun.  Sootom  of 
3.  Combustion.    3.  Electricity.    4.  The  bodies  of  animals  during  b«at. 
life.    6,  Chemical  action.     6.  Mechanical  action.     All  these  means 

of  procuring  a  supply  of  heat,  except  the  last,  will  be  more  conve- 
niently considered  in  other  parts  of  the  work.  The  mechanical  me- 
thod of  exciting  heat  is  by  friction  and  percussion. 

232,  Nothing  is  known  of  the  nature  or  cause  of  heat.     It  hasNaiaKof 
been  by  some  considered  as  a  peculiar  fluid,  to  which  the  terra  **••*• 
Caloric  has  been  applied ;    and  many  phenomena  are  in  favour  of 

the  existence  of  such  a  fluid.  By  others,  the  phenomena  above  de- 
scribed have  beeq  referred  to  a  vAraiory  motion  of  the  particles  of 
matter,  varying  in  velocity  with  the  perceived  intensity  of  the  heal. 
In  fluids  and  gases  the  particles  are  conceived  to  have  a  motion  round 
their  own  axes.  Temperature,  therefore,  would  increase  with  the 
velocity  of  the  vibrations ;  and  increase  of  capacity  would  be  produced 
by  the  motion  being  performed  in  greater  space.  The  loss  of  tem- 
perature, during  the  change  of  solids  into  liquids  and  gases,  would 
depend  upon  loss  o(  vibratory  motion,  in  consequence  of  the  acquired 
rotatory  motion. 

Upon  the  other  hypothesis,  temperature,  is  referred  to  the  quantity 
of  caloric  present;  and  the  loss  of  temperature,  which  happens  when 
bodies  change  their  statOr  depends  upon  the  chemical  combination  of 
the  caloric  with  the  solid  in  the  case  of  liquefaction,  and  with  the 
liquid  in  the  case  of  conversion  into  the  aeriform  slate.    B. 


Section  IV.     Of  lAght. 

233.  The  minute  investigation  of  the  laws  of  light  belongs  to 
Mechanical  Philosophy  ;  it  is  however  requisite  that  some  of  them 
should  partially  be  considered  as  bearing  upon  important  questions 
of  chemical  inquiry. 

The  phenomena  of  vision  are  produced  either  by  bodies  inherent-  Vinoo. 
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c?hap  I.   ly  luminous,  such  as  the  sun,  the  fixed  stars,  and  incandescent  sub- 
stances ;  or  they  are  referable  to  the  reflection  of  light  from  the  sur* 
faces  of  bodies. 
Liffht  ^*^^*  ^^®  manner  in  which  the  e^e  is  a&cted  by  luminous  bodies 

traiismitted  shows  that  light  is  transmitted  in  nght  lines,  and  every  right  line 
in  right  drawn  from  a  luminous  body  to  the  eye  is  termed  a  ray  of  light,  and 
as  a  congeries  of  rays  possesses  the  same  properties  as  the  single 
ray,  the  same  abstract  term  is  frequently  employed  to  designate  the 
congeries. 
Refraetion.  ^^*  Newton  first  discovered  that  certain  bodies  exercise  on  light 
a  peculiar  attractive  force.  When  a  ray  passes  obliquely  from  air 
into  any  transparent  liquid  or  solid  surface,  it  undergoes  at  entrance 
an  angular  flexure,  which  has  been  called  refraction.  The  refrac- 
tion is  towards  the  perpendicular  when  the  ray  passes  into  a  denser 
medium,  and/rom  the  perpendicular  when  it  passes  into  a  rarer  me- 
dium. The  medium  in  which  the  rays  of  light  are  caused  to  ap- 
proach nearest  to  the  line  perpendicular  to  its  surface,  is  said  to  have 
the  greatest  refractive  density.  ^ 

lUfmetivt       It  was  found  by  Newton,  that  unctuous,  or  inflammable  bodies  oc- 
power  of     casioned  a  greater  deviation  in  the  luminous  rays  than  their  attrac- 
ble  bodies,  ^^^^  mass,  or  density  gave  reason  to  expect.     Hence  he  conjectured, 
that  both  diamond  and  water  contained  combustible   matter.     Ob- 
servation has  since  shown  that  oils  and  other  highly   inflamma- 
ble bodies,  sucK  as  hydrogen,  diamond,  phosphorus,  sulphur,  amber, 
olive  oil  and  camphor,  have  a  refractive  power  which  is  from  two  to 
seven  times  greater  than  that  of  incombustible  substances  of  equal 
density. 
Maybe  ^6*  The  refractive  power  of  the  same  inflammable  substance  bears 

used  as  a  a  proportion  to  its  perfection,  insomuch  that  this  property  may  be  used 
purity  ^****' *^  a  test  of  its  purity.  Thus  Wollaston  found  that  genuine  oil  of 
cloves  has  a  refcactive  power  of  1,535,  while  that  of  an  inferior 
quality  did  not  exceed  1,498. 
Dependspo  The  density  of  bodies  is  not  the  only  circumstance  that  afiects 
thechemi-  \}^Qy[  refractive  power;  it  also  depends  on  their  chemical  nature, 
as  well  as  ^^^  ^^om  the  refractive  power  of  bodies  we  may  in  many  cases  infer 
density,      their  chemical  constitution. 

Of  com-  237.  The  refractive  power  of  compounds  is  not  the  mean  deduced 

the mean^of  ^'°"™  that  of  their  components;  which,  however,  it  generally  is  in 
that  of  their  mere  mixtures. 

constitu  238.  When  the  rays  of  light  arrive  at  the  surfaces  of  bodies,  a  part 

Reflected     °^  them,  and  sometimes  nearly  the  whole,  is  thrown  back,  or  reJUc' 

light.         ted,  and  the  more  obliquely  the  light  falls  upon  the  surface,  the 

greater  in  general  is  the  reflected  portion.     In  these  cases  the  angle 

of  reflection  is  always  equal  to  the  angle  of  incidence. 

Let  a  a  represent  pencils  of  light  falling  upon  the  ^if-  ^ 

surface  of  a  polished  piece  of  glass  B,  the  perpendicu-  (V\^    Ut       /€ 

lar  pencil  wul  pass  on  in  a  straight  line4o  a.  \    I    /' 

Of  the  oblique  pencil,  one  portion  wUl  enter  the  ^V/ 

class  and  suffer  refraction  towards  the    perpendicu-     i  ».    1 

lar  as  at  6,  and  re-entering  the  atmosphere,  it  will  bend 
from  the  perpendicular,  and  re^assume  its  former  di- 
rection, as  at  e.  Another  portion  of  the  oblique  pencil 
will  be  reflected  at  an  angle  equal  to  that  of  its  inci- 
dence, as  at  e. 
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239.  When  a  ray  of  light  passes  through  an  oblique  angular  crys-   Sect,  iv. 
talline  body,  it  exhibits  peculiar  phenomena;  one  portion  is  refracted 

in  the  ordinary  way ;  another  suffers  extraordinary  refraction,  in  a 
plane  parallel  to  the  diagonal  joining  the  two  obtuse  angles  of  the 
crystal;  so  that  objects  seen   through   the  crystal   appear   double.  ^^^^(^J^'J** 
Transparent  rhomboids  of  carbonate  of  lime,  or  Iceland  crystal,  ex- 
hibit this  phenomenon  of  dmiMe  refraction  particularly  distinct. 

If  a  ray  of  light,  which  has  thus  suffered  double  refraction,  be  re-^^'"*'T 
ceived  by  another  crystal,  placed  parallel  to  the  first,  there  will  be  ordinary  ' 
no  new  division  of  the  rays  ;  but  if  it  be  placed  in  a  transverse  di- refractioa. 
reclion,  that  part  of  the  ray  which  before  suffered  ordinary   refrac- 
tion will  now  undergo  extraordinary  refraction,  and  reciprocally  tha{ 
which  underwent  extraordinary  refraction  now  suffers  ordinary  re- 
fraction. 

If  the  second  crystal  be  turned  gradually  round  in  the  same  plane,  KefrtctiDg 
wfien  it  has  made  a  quarter  of  a  revolution,  there  will  be  four  di-  power 
visions  of  the  ray,  and  they  will  be  reduced  to  two  in  the  half  of  the  J^'JJ„,  Jp. 
revolution ;  so  that  the  refracting  power  appears  to  depend  upon  on  some 
some  relation  of  the  position  of  the  crystalline  particles.  position  of 

240.  When  light  is  reflected  from  bodies,  it  retains,  under   many^ti^Ies. 
circumstances,  its  former  relations  to  the  refractive  power  of  trans- 
parent media  ;  but,  in  certain  cases,  at  angles  differing  for  different 
substances,  the  reflected  rays  exhibit  peculiar  properties,  analogous 

to  those  which  have  suffered  extraordinary  refraction.  Thus,  if  the 
flame  of  a  taper  reflected  at  an  angle  of  52^  45'  from  the  surface  of 
water,  be  viewed  through  a  piece  of  double  refracting  spar,  one  of 
the  images  will  vanish  every  time  that  the  crystal  makes  a  qiarter 
of  a  revolution. 

241.  When  a  ray  of  light  is  made  to  fall  upon  a  polished  glass  .    .     - 
surface,  at  an  angle  of  incidence  of  35*  25',  the  angle   of  reflection  incidence 
will  be  equal  to  that  of  incidence.     Let  us  suppose  another  plate  of «!«»'  «oilie 
glass  so  placed  that  the  reflected  ray  will  fall  upon  it  at  the  «iwne  J^|f^^; '*' 
angle  of  35°  25^ ;  this  second  plate  may  be  turned  round   its  axis 
without  varying  the  angle  vvliich  it  makes  with  the  ray  that   fells 

upon   it.      A   curious   circumstance    is   observed    ?ls    this   second  Cnrioas  in- 
glass  is  turned  round.     Suppose  the  two   planes   of  reflection  te  be  "he^tranl- 
parallel  to  each  other,  in  that  case  the  ray  of  light  is  reflected  from  nitvinn 
the  second  glass  in  the  same  manner  as  from  the  first.     Let  the  sec-  and  fpflcc- 
ond  glass  be  now  turned  round  a  quadrant  of  a  circle,  so  as  to  niake  {j^^^^ 
the  reflecting  planes  perpendicular  lo  each  other :  now,  the  whole  of 
the  ray  will  pass  through  the  second  glass,  and   none   of  it  will  be 
reflected.     Turn  the  second  glass  round  another  quadrant  of  a   cii^ 
cle,  soas  to  make  the  reflecting  planes  again  parallel,  and  the  ray 
will  again  be  reflected.     When   the   second  glass  is  turned  round, 
three  quadrants,  the  light  will  be  again  transmitted,  and  none   of  it 
reflected.     Thus,  when  the  reflecting  planes  are  parallel,  the  light  is 
reflected,  but  when  they  are  perpendicular  the  light  is  transmitted. 
This  experiment  proves,  that,  under  certain  circumstances,  light  can 
penetrate  through  glass  when  in  one  position,  but   not   in  another.  I?***""'"' 
This  curious  fact  was  first  observed  by  Malus,  who  accounted  for  it  *^°* 
by  supposing  the  particles  of  light  to  have  assumed  a  particular  po- 
sition as  a  needle  does  when  under  the  influence  of  a  magnet)  and 
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Otop- 1»    hence  he  called  this  property  of  light,  ita  Polarixation.^    It  has 
since  been  studied   with   laborious  diligence  by  Brewster»  and  by 
Arago  and  Biot.t 
.  242.  That  a  sunbeam,  in  passing  through  a  dense  medium,  and 

Ughi,  *^  especially  through  a  triangular  prism  of  glass,  gives  rise  to  a  series 
of  brilliant  tints  similar  to  those  of  the  rainbow^  was  known  in  the 
earliest  ages,  but  it  required  the  sagacity  of  Newton  to  develop  the 
cause  of  the  phenomenon.  He  inferred,  that  light  consists  of  rays 
differing  from  each  other  in  their  relative  refrangibilities  ;  and,  gui- 
ded by  their  colour  considered  their  number  as  seven  :  red,  orange, 
yellow,  green,  blue,  indigo,  and  violet.t  If  the  prismatic  colours,  or  ' 
spectrum^  be  divided  into  360  equal  parts,  the  red  rays  will  occupy 
45  of  these  parts,  the  orange  27^  the  yellow  48,  the  green  60,  the 
blue  60,  the  indigo  40,  and  the  violet  80.  Of  these  rays  the  red 
being  least  refrangible,  fall  nearest  that  spot  which  they  would  have 
passed  to,  had  they  not  been  refracted ;  while  the  violet  rays  being 
most  refrangible,  are  thrown  to  the  greatest  distance ;  the  interme- 
diate rays,  posress  mean  degrees  of  refrangibility. 

243.  These  differently  coloured  rays,  when  collected  into  a  focus 
reproduce  white  light.  Upon  these  phenomena  is  founded  the  New- 
tonian theory  of  colours,  which  supposes  them  to  depend  upon  the 
absorption  of  all  rays,  excepting  those  of  the  colour  observed. 

244.  If  a  solar  beam  be  refracted  by  a  prism,  and  the  coloured 
image  received  upon  a  sheet  of  paper  it  will  be  found,  on  moving 
the  hand  gently  through  it,  that  there  is  an  evident  difference  in  the 
heating  power  of  the  rays.     Englefield,  Davy  and  others,  affirmed 

-inrith  Herschel,  that  the  heat  is  greatest  beyond  the  red  ray  ;  while 
others  contend  that  it  is  in  the  red  my  itself.  The  observations  of 
S^ebeck^  have  explained  these  conlraJictorv  statements,  by  showing 
that  the  point  of  greatest  heat  varies  with  the  kind  of  prism  employ- 
ed. .  These  results  have  been  confirmed  by  Mellooi,  who  has  suc- 
ceeded with  a  prism  of  rock  salt  in  separating  the  spot  of  maximum 
J^eat  from  the  coloured  part  of  the  spectrum  by  a  much  greater  in- 
terval than  had  been  done  previously.  The  facts  that  have  been 
-arrived  at,  go  far  to  prove  that  most,  if  not  nil,  of  the  heating  pow- 
ror  ascribed  to  light,  is  due,  not  to  the  absorption  of  luminous  rays, 
but  to  that  of  the  heat  by  which  they  are  accompanied. 

245.  Light  possesses  considerable  influence  over  the  chemical  en- 
ergies of  bodies.  If  a  mixture  of  equal  volumes  of  the  gases  called 
chlorine  and  hydrogen  be  exposed  in  a  dark  room,  they  slowly  oom- 

bSST  *^'"®*  *"*^  produce  hydrochloric  acid  gas  ;  but,  if  exposed  to  the  di- 
rect rays  of  the  sun,  the  combination  is  very  rapid,  and  often  accom- 
panied by  an  explosion. 

*  See  Fischer's  Elemeni$  qf  Natural  PkUtMopk^^  page  336.  ThoinscMi*ft  System 
1.  p.  16. 

iPhil'  TratiB.  1813,  1814,  1816, 1816,  1817.^iljm.  de  CfUm,  torn.  94.  TraiU  de 
Phys. 

X  Wollastoa  found,  bowever,  (hat  when  a  beam  of  light  only  Ttrth  of  an  inch  broad 
is  received  by  the  eye,  at  the  distance  of  ten  feet,  through  a  clear  prism  of  flint  glass, 
only  four  coloars  are  seen,  viz.  red,  yellowish  green,  hive,  and  violet.  Brewster  has 
proved  that  the  colours  of  the  spectrum  are  occasioned  by  thre.:  simple  primary  raya 
viz.  the  red,  yellow  and  blue. 

9  Bdin^  Jwr.  k»f  ScL  1,  868. 
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Chlorine  and  carbonic  oxide  have  scarcely  any  tendency  to  com-  ^•ct.iv. 
bine,  even  at  high  temperatures,  when  light  is  excluded,  but  exposed 
to  the  solar  rays  they  enter  into  chemical  union.  Chlorine  has  lit- 
tle action  upon  water,  unless  exposed  to  light,  and,  in  that  case,  the 
water,  which  consists  of  oxygen  and  hydrogen,  is  decomposed.  The 
hydrogen  unites  with  the  chlorine  to  produce  hydrochloric  acid,  and 
the  oxygen  is  evolved  in  a  gaseous  form. 

246.  These,  and  numerous  other  similar  cases,  show  that  solar  Prodaew 
light  influences  the  chemical  energies  of  bodies,  independent  of  its  *^t*"22* 
heating  powers.  Many  important  facts  have  been  ascertained  by  Ritter,  ^  ^' 
Wolhiston,  and  Davy.     Scheele*  threw  the  prismatic  spectrum  upon 

a  sheet  of  paper,  moistened  with  a  solution  of  nitrate  of  silver,  a  salt 
quickly  decomposed  by  the  agency  of  light.  In  the  blue  and  violet 
rays  the  silver  was  soon  reduced,  producing  a  blackness  upon  the 
paper,  but  in  the  red  ray  scarcely  any  similar  effect  was  observed. 
WoUaston  and  Ritter  discovered  that  these  chemical  changes  were 
most  rapidly  eflfeoted  in  the  space  which  bounds  the  violet  ray,  and 
which  is  out  of  the  visible  spectrum. 

Davy  has  observed,  that  certain  metallic  oxides,  when  exposed  to 
the  violet  extremity  of  the  prismatic  spectrum,  undergo  a  change 
similar  to  that  which  would  have  been  produced  by  exposure  t()i  a 
current  of  hydrogen  ;  and  that  when  exposed  to  the  red  rays,  th^ 
acquire  a  tendency  to  absorb  oxygen. t 

247.  The  more  refrangible  rays  of  light  have  been  thought  to  Magnet- 
possess  the  property  of  rendering  steel  or  iron  magnetic.     This  pro-  '"""*  '^J** 
perty  was  announced  by  Morrichini  of  Rome;  but  as  the  experiment 

did  not  succeed  in  other  hands,  the  subject  was  involved  in  some  de- 
gree of  uncertainty.  The  fact,  however,  appeared  to  be  established 
by  Mrs  Somerville  of  London,  in  1826,  who  gi^ve  an  account  of  her 
researches  to  the  Royal  Society.  Since  that  period  the  subject  has 
been  re-examined  by  Riess  and  Moser.  They  object  to  Mrs  SomeN 
ville's  results,  that  her  method  of  ascertaining  the  magnetic  state  of 
the  needles  used  in  the  experiments,  was  not  sufficiently  precise : 
they  deny  the  supposed  magnetizing  power  of  light.t 

248.  The  comparative  intensities  of  light  are  measured  by  the  in-  photoiM- 
strument  called  a  Photometer :  that  which  is  known  as  Leslie's  is  ter. 
constructed  on  the  principle  that  light,  in  proportion  to  its  absorption, 
produces  heat.     It  is  merely  a  very  delicate  and  small  differential 
thermometer,  enclosed  in  a  thin  and  pellucid  glass  tube.     One  of  the 

bulbs  is  of  black  glass,  which,  when  the  instrument  is  suddenly  ex- 
posed to  light,  becoming  warmer  than  the  clear  bulb,  indicates  the 
efiect  by  the  depression  of  the  fluid.^  From  the  experin\ents  of 
Turner  and  Christison  this  instrument  does  not  appear  applicable  to 
lights  which  differ  in  colour,  because  the  relation  between  the  heat- 
ing and  illuminating  power  of  such  light  is  exceedingly  variable. 
Thus,  the  light  emitted  by  burning  cinders  or  red-hot  iron,  even  after 
passing  through  glass,  contains  a  quantity  of  calorific  rays,  which  is 
out  of  all  proportion  to  the  luminous  ones  ;  and,  consequently,  they 
may  and  do  produce  a  greater  effect  on  the  photometer,  than  some 

*  ExpetimeniM  on  Air  and  Fire,  p.  78,  &c.  t  EUmenU  qf  Chem.  PhU. 

t  Edm.  Jour,  qf  Sd.  3,  345.  S  Leslie  od  Heat,  p.  434. 
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lights  whose  illuminating  powers  are  far  stronger.  Leslie  coneeiveJ 
that  light  when  absorbed  is  converted  into  heat;  but  according  to- 
the  experiments  already  referred  to,  the  efiect  must  be  attributed,  nut 
so  much  to  the  light  itself,  as  to  the  absorption  of  the  caloritic  rays 
by  which  it  is  accompanied.  A  differential  thermometer,  containing 
the  vapour  of  ether,  may  also,  in  certain  experiments  be  advanta- 
geously used  as  a  Photometric  Thermometer.^ 

249.  In  nature  the  influence  of  the  solar  rays  is  very  complex,  and 
tlie  growth,  colour,  flavour,  and  even  the  forms  of  many  vegetables, 
are  much  dependent  upon  them.  This  is  seen  in  many  plants  which 
are  protected  from  the  sun's  rays  :  celery  and  endive  are  thus  culti- 
vated with  the  view  of  rendering  them  palatable  ;t  and  plants  which 
are  made  to  grow  in  a  room  imperfectly  illuminated,  always  bend 
towards  the  apertures  by  which  the  sun^s  rays  enter.  The  changes 
too  which  vegetables  effect  upon  the  circumambient  atmosphere  are 
influenced  by  the  same  cause. 

250.  In  the  animal  creation,  brilliancy  of  colour  and  gaudy  plu- 
mage belong  to  the  tropical  climates ;  more  sombrous  tints  distin- 
guish the  polar  inhabitants  ;  and  dull  colours  characterize  nocturnal 
animals,  and  those  who  chiefly  abide  below  the  surface. 

251.  When  bodies  are  rendered  luminous  by  elevation  of  tem- 
perature, the  light  which  they  emit  often  appears  dependent  upon  the 
heat  to  which  they  are  subjected,  and  the  common  terms  red-hot  and 
white-hot  are  used  to  designate  those  appearances.  There  are,  how- 
ever, certain  bodies,  which,  at  high  temperatures,  are  remarkable 
for  the  quantity  and  extreme  brilliancy  of  their  light,  independent  of 
actual  combustion ;  this  is  the  ease  with  several  of  the  earths,  but 
fnore  especially  with  lime,  a  small  ball  of  which,  ^  inch  in  diameter, 
being  ignited  in  the  flame  of  alcohol  urged  by  oxygen  gas,  emits 
light,  having  about  thirtyseven  times  the  intensity  of  an  Argand's 
lamp  burnert 

252.  There  are  many  substances  which,  when  heated  to  a  certain 
point,  become  luaiinous  without  undergoing  combustion,  and  such 
bodies  are  said  U)  he  phosphorescent.  The  temperatures  which  they  re- 
quire for  this  purpose  are  various  ;  it  generally  commences  at  about 
400°,  and  may  be  said  to  terminate  at  the  lowest  visible  redness.  Some 
varieties  of  phosphate  of  lime,  of  fluor  spar,  of  bituminous  carbonate 
of  lime,  of  marble,  and  sand,  and  certain  salts,  are  the  most  remarka- 
ble bodies  of  this  description.^  Their  luminous  property  may  be 
best  exhibited  by  scattering  them  in  coarse  powder  upon  an  iron 
plate  heated  nearly  to  redness.  Oil,  wax,  spermaceti,  and  butter, 
when  nearly  boiling,  are  also  luminous. 

253.  Another  class  of  phosphorescent  bodies  has  been  termed 
— ~~—— — • ■  -  ■  ^  

*  Braada,  Phil,  Trans.  1820.  A  photometer  has  been  deBcribed  by  Ritchie,  in  tbe 
Quar^.  Jour.  vol.  19,  p.  299.  For  a  description  of  Riioi font's  Photometer,  see  PhiL' 
Trana.  vol.  84.  It  determines  the  comparative  strength  of  lights  by  a  comparison  of 
their  shadows. 

t  The  process  is  termed  etiolatUn^  or  blanching. 

t  Dmmmond«  in  Phil.  Traru,  162S.  See  figu.  e  and  description  of  bis  appaiatns 
m  Brewster's  Edin.  Jour,  ofSeL  v. 

S  Wedgewood,  PhU,  Tram.  vol.  82. 
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9olar  pkotphori^  from  becomingf  luminous  when  removed  into  a  dark  -^^iSLTL 
room  after  having  been  exposed  to  the  sunshine.^     Of  this  descrip- 
tion are  Canton's,  Baldwin's,  and  the  Bolognian  phosphorus. t 

254.  A  third  set  of  bodies,  belonging  to  this  class,  are  those  which  Sponuoe- 
are  spontanecmsly  phosphorescent.     Such  are,  especially,  the  flesh  of  ""•  P**®*' 
salt-water  fish  just  before  it  putrefies,  and  decayed   wood.     The^^^*' 
glow'iDorm  and  the  larUemrfy  are  also  luminous  when  alive ;  and 

the  hundred  legged  toorm,  and  some  others,  shine  brilliantly  when 
irritated.l     (See  Bost.  Jour,  2,  101.) 

255.  Percussion  and  friction  are  often  attended  by  the  evolution  of  Light  from 
lights  as  when  flint  pebbles,  pieces  of  sugar,  and  other  substances,  are  percuasion 
struck  or  rubbed  together.  The  crysUiUization  of  some  substances,  *^' ^*^^**^''- 
as  benzoic  acid,  and  acetate  of  potassa  has  been  found  to  be  attended 

with  similar  phenomena.^ 

256.  From  experiments  in  which  air  has  been  intensely  heated,  it  Air  in- 
has  been  concluded  that  gaseous  matter  is  incapable  of  becoming  lu-  capable  of 
minous ;  for,  though  the  temperature  of  air  be  such  as  to  render  iJ^SUSf. 
solid  bodies  white-hot,  it  does  not  itself  become  visible. II     Flame, 
however*  may,  in  general,  be  regarded  as  luminous  gaseous  matter. 
Hydrogen  gas,  probably,  furnishes  the  purest  form  of  flame  which 

can  be  exhibited ;  for  the  flames  of  bodies  which  emit  much  light, 
derive  that  power  from  solid  matter  which  is  intensely  ignited  and 
difllised  through  them,  and  which,  in  ordinary  flames,  as  of  gas, 
tallow,  w^ax,  oil,  &c.  consists  of  finely  divided  charcoal. 

257.  The  intensity  of  the  heat  of  flames  which  are  but  little  luroi-  j^j  ^^^  ^^^ 
nous,  as  of  hydrogen  gas,  spirit  of  wine,  &c.  may  be  shown  by  tempera- 
introducing  into  them  some  fine  platinum  wire,  which  is  instantly  ^°r^  ^^ 
rendered  white-hot  in  those  parts  where  the  combustion  is  most  per- 
fect.    It  is  even  intensely  ignited  in  the  current  of  air  above  the 

*  For  practical  directiooB  for  observiog  the  phosphorescence  of  bodies,  see  Faraday*B 
Chemical  MemiptUaiion, 

t  CautoD'S  phosphorus  is  prepared  thus : — Calcine  oyster-shells  in  the  open  fire  for 
half  an  hour,  then  select  the  whitest  and  largest  pieces  and  mix  them  with  one  third  S^q^''^*"*' 
their  weight  of  flowers  of  sulphur,  pack  the  mixture  closely  into  a  covered  crucible, 
and  heat  it  to  redness  for  an  hour.  When  the  whole  has  coolea,  select  the  whitest  pieces 
for  use.* 

Baldwin*s  phosphorus  is  prepared  by  heating  nitrate  of  lime  to  a  dull  red  heat,  so  as 
to  form  it  into  a  compact  mass :  and  the  Bolognian  phosphorus,  discovered  by  Vinceo-  S!«q!)Vd!iu> 
xio  Cascariolo,  a  shoemaker  of  Bologna,  is  made  bv  reducing  compact  sulphate  of  ba-  pbMpbonu. 
ryta  to  a  fine  powder,  which  is  formed  into  calces  with  mucifage,  and  these  are 
heated  to  redness,  t 

WilsoD  has  also  made  a  variety  of  curious  experiments  on  solar  phosphori ;  and  ha 
has  discovered  the  simplest  and  most  effectual  of  these  bodies,  whicn  may )«  obtained  wiimr**  cx- 
by  doselv  observing  the  following  directions ; — Take  the  most  flaming  coals  OS's  brisk  1**'''°*° 
fire,  and  throw  in  some  thick  oyster  shells ;  then  replace  the  coals,  and  calcine  them 
for  an  hour ;  remove  them  careniUy,  and,  when  cold,  it  will  be  found  that  after  expos- 
iia^  them  for  a  few  minutes  to  the  light,  they  will  glow  in  the  dark,  with  most  of  the 
prismatic  colours.^ 

t  It  appears  from  the  experiments  of  Canton  and  of  Holme,S  that  sea-fish  become 
luminous  in  about  twelve  huurs  after  death,  that  it  increases  till  putrefaction  is  evident, 
and  then  it  decreases.  Immersion  in  sea* water  does  not  tifiect  this  luminous  matter ; 
on  the  contrary,  the  brine  is  itself  rendered  luminous ;  but  it  is  exiinguished  by  pure 
water,  and  by  a  variety  of  substances  which  act  chemically  upon  the  animal  matter. 

S  Brewster's  Jaunud^  3,  8S8.  ||  Wedgewood,  PkU.  Tram.  1 7 93. 

•  PMI.  TVms.  Vol.  68.       f  Aikin'b  Dice  aru  PA«9A«rv      t  Wilson  on  PA«^p*«K,  p.  90. 

(PJU.  7V«M.  Vols.  Uz.  as*  andxcL 
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Chap.  I.  264.  Very  delicate  pith-balls,  or  strips  of  gold  leaf,  are  Fig.ss. 
Electroroe-  usually  employed  in  ascertaining  the  presence  of  electricity ;  '  j  j  ' 
ter.  and,  by  the  way  in  which  their  divergence  is  affected  by  glass    ^ 

or  sealing-wax,  the  kind  or  state  of  electricity  is  judged  of. 
When  properly  suspended  or  mounted  for  delicate  experi- 
ments, they  form  an  electrometer  or  electroscope.     (Fig.  65.) 
For  this  purpose  the  slips  of  gold  leaf  are  suspended  by  a 
brass  cap  and  wire  in  a  glass  cylinder;  they  hang  in  contact 
when  un-electrified;  but  when  electrified  they  diverge.* 
Method  of       ^^'  '^^^  ^^^^  of  electricity  by  which  the'gold  leaves  are  diverged 
determin-    may  be  judged  of  by  approaching  the  cap  of  the  instrument  with  a 
i?'d^*f      ®^*^^  °^  excited  sealing-wax  ;  if  it  be  negative  the  divergence   will 
electricitf.  increase;  [(  positive,  the  leaves  will  collapse,  upon  the  principle   of 
the  mutual  annihilation  of  the  opposite  electricities,  or  that  bodies 
similarly  electrified  repel  each  other,  but  that   when   dissimilarly 
electrified  they  become  mutually  attractive. 
CoDdnctors     ^^^  Some  bodies  suffer  electricity  to  pass  readily  along  their  sur- 
andnon-     faces,  and  are  called  conductors.     Others  only  receive  it  upon  the 
coodacton.  gp^j  touched,  and  are  called  imperfect  or  non-conductors.     They  are 
also  called  insulatorsA     The  metals  are  all  conductors  ;t  dry   air, 
oi   .v.    glass,  sulphur,  and  resins,  are  non  conductors.     Wateri  damp  woodt 
passe*        spirit  of  wme,  damp  air,  and  some  oils  are  imperfect  conductors, 
through  RareBed  air  admits  of  the  passage  of  electricity  ;  so  does   the 

Z'f^u-  Torricellian  vacuum. 

am.  267.  There  appears  to  be  no  constant  relation  between   the  state 

No  COD-      of  bodies  and  their  conducting  powers ;  among  solids,  metals  are 
tio°be^^*'  conductors,  but  gums  and  resins  are  non-conductors ;  among  liquids, 
tweeo  the    Strong  alkaline,  acid,  and   saline  solutions,  are   good  conductors; 
JJJJI?®*"       pure  water  is  an  imperfect  conductor,  and  oils  are   non-conductors; 
their^con"    ^^*^  ^"^  many  oiher  solids  are  imperfect  conductors,  but  when  fused 
ducting       are  good  ones.     Conducting  powers  belong  to  bodies  in  the  most  op- 
powers,      posite  states ;  thus  the  flame  of  alcohol,  and  ice,  are  equally  good 
conductors.^  Glass  i»  a  non-conductor  when  cold,  but  conducts  \yhen 
red-hot;  the  diamond  is  a  non-conductor,  but  pure  and  well  burned 
charcoal  is  among  the  best  conductors. 
Some  sub-       ^63*  There  are  many  mineral  substances  which  show  signs  of 
stEDces  be<  electricity  when  heated,  as  the  tourmalin,  topaz,  diamond,  boracite, 
S"bThMt.  ^* »  *"^  '"  these  bodies  the  different  surfaces  exhibit  different  elec- 

'  trical  states.  II 
Phenomena     269.  When  an  electrical  machine  is  in  good  order,  and  the  at- 
observed  in  mosphf  re  dry,  it  produces  a  crackling  noise  when  the  plate  or  cylin- 
trical  ma^  ^^^  is  turned,  and  flashes  or  sparks  of  light  are  seen  upon  various 


chines. 


*  For  other  forms  see  Tumer^s  Chem.  81. 

t  The  insulation  of  substances  is  frequently  lequired  in  electro-chemical  experi- 
ments ;  a  plate  of  mica  is  the  best  substance  tor  the  purpose,  then  a  plate  of  resin  or 
wax,  or  in  their  absence,  a  plate  of  warm  glass.    Fwraday. 

t  Of  the  metals.  Harris  found  siher  and  copper  to  bo  the  best  conductors,  and  after 
these  gold,  zinc,  platinum,  iron,  tin,  lead,  antimony,  and  bismuth< — Phd.  TVaiu,  1687. 
Part  1,21. 

§  Biot,  Traits de  Physique,  torn.  ii.  p.  213. 

il  For  a  description  of  Electrical  machines  and  a  more  full  account  of  Electricitr 
see  Cambridge  Nat.  Phil.  vol.  2,  Fischer's  ElemenU  qfNai.  Phil.  p.  164.    Brande's 
C%0m.  69. 


parts  of  the  glass  passing  from  the  cushion  to  the  condactor ;  if  the  '^t.  ▼. 
knuckle  be  held  near  the  conductor,  sparks  pass  to  it  through  some 
inches  of  air^  with  a  peculiar  noise,  and  excite  slightly  painful  sen- 
sation in  the  part  upon  which  they  are  received.  It  is  conjectured 
that  the  cause  of  the  light  thus  perceived,  is  the  sudden  compres- 
sion  of  the  air  or  medium  through  which  the  electricity  passes,  and  hJJSu 
it  is  always  probably  attended  by  a  proportionate  elevation  of  tem* 
perature,  as  is  shown  by  the  power  of  the  spark  to  inflame  spirit  of 
wine,  fulminating  silver,  and  other  easily  inflammable  compounds. 

270.  Another  cause  of  excitement  is  proximity  to  an  electrified 
body,  which  has  a  tendency  to  irutuce  an  electrical  state  opposite  to 
its  own.     Thus  an  excited  stick  of  sealing-wax  attracts  light  bodies 

in  its  Yicinity.  and  occasions  them  to  be  positively  electrified.     If  an  Electricity 
insulated  conductor  be  electrified,  and  an  uninsulated  conductor  bebymdne- 
opposed  to  it,  there  being  between  the  two  a  thin  stratum  of  air,  ^'^' 
glass,  or  other  non-conductor,  the  uninsulated  conductor,  under  such 
circumstances,  acquires  an  opposite  electrical  state  to  that  of  the  orig- 
inally electrified  insulated  conductor.     In  this  case,  the  uninsulated 
bodv  is  electrified  by  iruRtctumf  and  the  induced  electricity  remains 
evident,  until  an  explosion,  spark,  or  discbarge  happens,  when  the 
opposite  electricities  annihilate  each  other.     Induced  electricity  may 
thus  be  exhibited  through  a  long  series  of  insulated  conductors,  pro- 
vided the  last  of  the  series  be  in  communication  with  the  earths 

Thns,  in  Fig.  66,  vig,  56* 

A,  mar    repre^nt  j        j,  ^     ^  5      ^  I,l„j„, 

the  poaitive  conduc-  %^       A  17  k     I  k      •;«« 

three  insalated  con-  — <>— '       ^      up       '    ^      lu-j   — ^  i  i  p 

ducton,  placed  lU  a  /  \  7 

little  distance  from  A ^ JC 

each  other,  <f,  bavins  a  chain  touching  tho  cround ;  then  the  balla  I,  beinir  posi- 
tive, will  attract  the  oalls  2,  which  are  rencfered  negative  by  induction.  Under 
theee  circumstances,  each  of  the  conductors  becomes  polar,  and  the  balls  3  are 
positive,  wbile  4  are  negative,  5  positive,  6  negative,  &c. ;  the  central  points  of 
the  conductofs,  &£  ^  are  neutral.  When  these  opposite  electrical  states  have 
arrived  at  a  certain  intensity*,  sparks  pass  between  the  different  conductors,  and 
the  electrical  phenomena  cease.    B.  73. 

271.  The  recent  investigations  of  Faraday ,t  have  led  him  to  thepkradsy*s 
inference  that  induction  is  essentially  an  action  of  contiguous  parti-  views, 
cles,  through  the  intermediation  of  which  the  electric  force,  origi- 
nating or  appearing  at  a  certain  place,  is  propagated  to  or  sustained 
at  a  distance,  appearing  there  as  a  force   of  the  same  kind  exactly 
equal  in  amount,  but  opposite  in  its  directions  and  tendencies.     In- 
duction is  considered  as  the  essential  function,  both  in  the  first  de 
velopment  and  the  consequent  phenomena  of  electricity.     He  con 
ceives  that  induction  consists  in  a  certain  polarized  stnte  of  the  par- 
ticles, into  which  they  are  thrown  by  the  electrified  body  sustaining 
the  action,  the  particles  assuming  positive  and   negative  points  or 

e  Electricians  generally  employ  the  teim  fican/ily  to  indicate  the  absolute  quanti* 
tyof  electric  power  in  any  body,  an(l  the  term  ifUennly  to  signify  its  power  of  passing 
thnwgh  a  certain  stratum  of  air  or  other  ill-eondacting  medium. 

t  PAOos.  TVojw.  183S.  p.  I. 
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Chap.  L    parts,  which  are  symmetrically  arranged  with  respect  to  each  other 
and  the  inducting  surface  or  particles.* 
Specific  ia-     272.  For  examining  the  specific   inductive  capacity  of   bodies, 
padtyf^   Faraday  has  contrived  an  apparatus,  which  he  calls  a  Differeniial 
Fanulay's   Induetomeier.     It  consists  of  three  insulated  metallic  plates,  placed 
differentisl  facing  each  other ;  the  centre  one  being  fixed,  and  the  other  two 
iodnctome.  moveable  upon  slides,  by  which  they  may  be  approximated  to  or 
withdrawn   from  the  centre.     When  a  charge  is  communicated  to 
the  centre  plate  under  ordinary  circumstances,  the  induction  is  equal 
on  both  sides  and  the  gold  leaves  are  not  disturbed.     But  if  after 
uninsulating  them,  and  again  insulating  them,  a  thick  plate  of  shel- 
lac or  sulphur,  be  interposed  between  two  of  the  plates,  unequal  in* 
duction  will  take  place  on  the  two  sides,  and  the  gold   leaves   will 
attract  each  other.     By  these  means,  Faraday  has  ^ascertained  that, 
taking  the  specific  inductive  capacity  of  air  to  be  1. 

That  of  Glass  is  -  *  -  1.76 

Shellac  -  •  -  2. 

Sulphur  -  •  •  2.24 

The  results  obtained  with  spermaceti,  oil  of  turpentine,  and  uap- 
tha,  were  higher  than  that  of  air,  but  their  conducting  powers  inter- 
fered with  the  accuracy  of  the  experiments. 
'  By  another  form  of  apparatus,  he  ascertained  that  all  aeriform 
matter  has  the  same  power  of  sustaining  induction  ;  and  that  no  va- 
riations in  the  density  or  elasticity  of  gases  produced  any  variation 
in  their  electric  tension,  until  rarefaction  is  pushed  so  far  as  that  dis- 
cbarge may  take  place  across  them. 

No  difiTerence  was  found  with  hot,  cold,  dry  or  damp  air.  These 
experiments  have  established  the  important  discovery  of  the  princi- 
ple of  specific  inductive  capacity.t 

273.  It  is  essential  that  the  student  should  reflect  carefully  on 
the  plain   consequences  of  the  theory  of  electricity,  since  t)ie  appli- 
cations of  this  knowledge  are  numerous.     A  few  of  these  may  now 
be  enuiQerated  : — 
Conte-  1«  An  electrified  body  attracts  light  objects  near  it,  because  it  in- 

qiwDoeB  of  duces  in  them  a  state  opposite  to  itself.  The  attraction  is  most  live- 
the  thtonr.  jy  when  the  light  object  is  a  conductor,  and  in  contact  with  the 
ground,  since  it  then  more  completely  assumes  an  electric  state  op- 
posed to  that  of  the  inducing  body.  A  non-conductor  is  very  im- 
perfectly electrified  by  induction,  because  the  electric  fluids  cannot 
quit  each  other  from  inability  to  move  through  the  non-conductor. 

2.  If  a  stick  of  sealing-wax,  strongly  negative,  be  presented  to  a 
thread  or  pith-ball  which  is  also  negatively,  but  feebly,  excited,  re- 
pulsion will  ensue  at  a  considerable  distance,  followed  by  attraction 
when  the  distance  is  small.  This  attraction  is  due  to  the  strongly 
excited  wax  acting  by  induction  on  the  feeble  negative  thread,  there- 
by causing  it  to  have  an  excess  of  positive  electricity. 


*  Accordioe  to  Faraday,  bodies  cannot  be  cbar^  absolutoly,  but  ooljr  relatively,  and 
by  a  principle  which  is  the  same  with  that  of  induction  :  all  charge  is  sustained  by 
induction ;  all  phenomena  of  intensity  include  thf  principle  of  induction ;  all  cxeita* 
tioo  is  dependent  on  or  directly  related  lo  iodnetioQ;  and  all  correota  involre  pievioua 
intensity  and  therefore  prerious  induction.  , 

t  Sm  LmdL  and  Edm»  PhUm.  Mag.  Jan.  and  Feb.  ISSa. 
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3.  The  positive  electricity  collected  on  the  prime  conductor  of  an    Beeuv, 
electrical  machine  is  by  some  ascribed,  not  to  a  transfer  of  that  fluid 

from  the  glass  to  the  prime  conductor,  but  to  a  part  of  the  combined 
electricities  of  the  prime  conductor  being  separated  by  induction,  and 
the  negative  fluid  being  imparted  to  the  positive  glass.  The  same 
view  is  applicable  to  any  system  of  conductors  in  contact  with  the 
prime  conductor,  as  also  to  conductors  connected  with  the  rubber. 
It  is  difficult  to  say  which  explanation  is  the  more  correct,  or  wheth- 
er both  may  not  be  true. 

4.  On  moving  th^  hand  towards  the  prime  conductor  of  an  excited 
electrical  machine,  the  hand  becomes  negative  by  induction,  and  the 
spark  ultimately  obtained  restores  the  equilibrium.  In  like  manner 
a  negatively  electrified  cloud  renders  positive  a  contiguous  tree  or 
tower,  and  then  a  stroke  of  lightning  follows  as  a  consequence  of 
attraction  between  the  two  accumulated  fluids. 

5.  The  action  of  the  Leyden  Jar  depends  on  the  principle  of  in-  Action  of 
duced  electricity.    A  gla^s  jar  or  bottle  with  a  'wide  niouth  is  coat*  th«  Leyden 
ed  externally  and  internally  with  tinfoil,  except  to  withiia  three  or  J"' 

four  inches  of  its  summit ;  and  its  aperture  is  closed  by  dry  wood  or 
some  imperfect  conductor,  through  the  centre  of  which  passes  a  me- 
tallic rod  communicating  with  the  tinfoil  on  the  inside  of  the  jar. 
On  placing  the  metallic  ^od  in  contact  with  jthe  prince  conductor  of  an 
excited  electrical  machine,  while  the  outer  coating  communicates 
with  the  ground,  the  interior  of  the  jar  acquires  a  charge  of  positive 
electricity,  and  the  exterior  becomes  as  strongly  negative.  If,  the 
jar  being  insulated,  the  metallic  rod  be  placed  close  to  the  prime 
conductor,  avoiding  actual  contact,  while  an  uninsulated  c^oductor 
be  held  at  an  equal  distance  from  the  outer  coating,  electrb  sparks 
in  equal  number  and  of  equal  size'  will  pass  between  both  intervals, 
and  both  sides  of  the  jar  are  found  to  be  in  the  same  condition  as 
before;  but  no* charge' will  be  received  when  the  inner  coating  com- 
municates with  the  prime  conductor,  and  the  outer  coating  is  sti*ictly 
insulated.  From  these  facts  it  is  inferred  that  the  interior  of  the 
jar  becomes  positive,  either  by  receiving  positive  electricity  directly 
from  the  prime  conductor,  or,  as  is  more  probable,  by  communicating 
to  it  negative  electricity ;  and  that  the  exterior  then  becomes  nega- 
tive by  the  loss  of  a  quantity  of  positive  electricity  equal  to  that  on 
the  interior.  Unless  means  be  afforded  for  the  escape  of  the  positive 
electricity  from  the  exterior,  no  charge  ought  to  be  received ;  and 
this  conclusion  is  quite  conformable  to  the  fact  above  stated. 

274.  The  opposite  electric  fluids  accumulated  on  the  opposite  sides  Leyden  jir. 
of  a  charged  Leyden  jar  exert  a  strong  mutual  attraction  through  the 
substance  of  the  glass,  and  the  presence  of  each  secures  the  continu- 
ance of  the  other.  The  exterior  of  the  jar  may  be  freely  handled, 
and  its  coating  removed,  without  destroying  the  charge,  provided  no 
communication  be  made  at  the  same  time  with  the  interior ;  and  if 
the  exterior  be  insulated,  the  charge  will  be  preserved,  though  the 
tinfoil  of  the  interior  be  removed.  But  when  a  conductor  communi- 
cates with  both  surfaces  at  the  same  instant,  the  two  fluids  rush  to- 
gether with  violence,  and  the  equilibrium  is  restored.  Whether  in 
this  and  similar  cases  the  two  fluids  coalesce  entirely  on  the  inter- 
mediate conductor,  or  whether  each  from  its  velocity  may  not  in  part 
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Ch>p3.   pass  the  other,  and  be  projected  to  tlie  opposite  sarface,  is  a  question 
on  which  electricians  are  not  agreed. 
Bstterr  ^^'  '^^^  Leyden  jar  affords  the  means  of  passing  through  bodies 

a  large  quantity  of  electricity.  For  not  only  may  jars  of  any  required 
size  be  employed,  but  it  is  easy  so  to  arrange  any  number  of  such 
jars,  that  they  shall  all  be  charged  and  discharged  at  the  same  time, 
constituting  what  is  termed  an  Electrical  Battery.  The  arrange- 
ment  is  made,  by  placing  a  number  of  Leyden  jars  in  a  box  lined 
with  tinfoil,  by  which  means  their  outer  surfaces  have  free  metallic 
communication  with  each  other,  and  connecting  their  inner  surfaces 
by  wires.    T.  rs. 

276.  The  operation  of  the  instrument  called  the  Eledrophonu  (or 
bearer  of  electricity)  is  referable  to  the  phenomena  of  induction. 

Bl«etniplu>»     "^be  eUUrophomg  (Fig.  57),  consists  of  two  metallic  pittes,  ^^'^' 

rot,  a  a,  with  ad  interyeniog  plate  of  resinous  matter,  6,  ibr  which 

equal  parts  of  shellac,  resin,  and  Venice  tuipentine,  are  |e- 
nerally  used,  the  mixture  being  carefully  melted  in  a  pipkm, 
and  poured,  whilst  liquid,  into  a  wooden  or  metah  hoop,  of  a 
proper  size,  placed  upon  a  polished  surface  of  glass  or  marble, 
from  which  it  easily  separates  when  cold ;  it  should  be  about 
half  an  inch  thick,  and  the  smooth  snr&ce  being  uppermost 
the  lower  side  should  be  covered  with  tinfoil,  or  attached  to 
any  other  metallic  plate ;  a  polished  brass  plate,  with  a  glass  handle  e  attached  to 
it,  18  then  placed  upon  the  upper  surface  of  tne  resinous  plate,  and  of  rather  onaller 
diameter. 

The  resin  is  excited  with  a  piece  of  dry  fur,  and  the  instrument 
will  be  found  to  exhibit  the  following  phenomena : — Upon  raising  the 
brass  plate  by  its  insulating  handle,  it  will  be  found  yery  feebly 
eleeii;ical ;  replace  it,  touch  it  with  the  finger  and  again  lift  it  off  by 
Mode  of     its  has^^le,  and  it  will  gire  a  spark  of  positive  electricity.     This  pro- 
Th  *i*^      cess  mfiy  very  often  be  repeated  without  fresh  excitation.*     The 
trophoros    electrop^prus  may  often  be  used  for  the  same  purpose  as  the  electri- 
used  as  an  ca!  mach^ioe,  and  in  the  laboratory  it  furnishes  a  very  convenient  sub- 
^«tric  ma^  stitnte  for  4ihat  more  expensive  piece  of  apparatus.! 
Electridtr       ^'^'  Electricity  is  excited  also  by  change  of  temperature.    The 
from  electric  equilibrium  is  disturbed  in  metallic  rods  or  wires  when  one 

•haageof    extremity  has  a  different  temperature  from  that  of  the  other,  whether 
^^'^'     the  difference  be  effected  by  the  application  of  heat  or  cold.     The 
experimeqx  is  usually  made  by  heating  or  cooling  the  point  of  junc- 
tion of  tw.p  metallic  wires,  which  are  soldered  together;  but  Bee- 
querel  ha^  proved  that  the  contact  of  different  metals  is  not  essential.^ 
Other  278.  Ti^ere  are  many  other  sources  of  electricity.     When  glass  is 

aooroes  of   rubbed  by  mercury,  it  becomes  electrified,  and  this  is  the  cause  of 
elecincity.  ^^^  luminous  appearance  observed  when  a  barometer  is  agitated  in  a 
dark  room,  in  which  case  flashes  of  light  are  seen  to  traverse  the 
«  empty  part  of  the  tube.     Even  the  friction  of  air  upon  glass  is  at- 

tended by  electrical  excitation*  Whenever  bodies  change  their 
forms,  their  electrical  states  are  also  altered.  Thus  during  the  con- 
irelation  of  melted  resins  and  sulphur,  electricity  is  rendered  sensible. 
It  is  also  developed  during  various  natural  processes;  as  evaporation 

*  Ample  directions  for  oonstnictiof  this  useful  instrument,  and  for  applyiog  electri- 
city in  the  laboratory,  will  be  found  in  Faraday's  Chem.  Manifndatiitn,  p.  43S. 

t  For  a  more  fuU  aooount,  see  Turner's  Eiementt,  Sect  111. 

I  An,  de  Chem,  el  de  Pkyt.  xli.  853,  An,  PhOm.^  N.  &,  v.  427,  and  Pka,  Mag.  lii. 
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and  the  condensation  of  vapour,  which  may  aid  in  accounting  for    s^euv. 
certain  electrical  phenomena  of  the  atmosphere. 

Place  a  small  iron  cup,  heated  nearly  to  redoeas,  orer  an  electrometer ;  on  Exp. 
dropping  into  it  a  tmall  portion  of  water,  vapour  will  be  produced,  and  the  leaves 
of  the  e&ctrometer  will  diverge. 

270.  Another  reputed  source  of  electricity  is  contact  of  different  Electricity 
substances,  especially  of  metals;  a  source  originally  suggested  ^y^^^^^f 
Volta,  who  founded  on  it  his  theory  of  galvanism,     l^hen  a  plate  ofmetala.  ' 
2inc  furnished  wiih  a  glass  handle  is  brought  into  contact  with  one 
of  copper  or  silver,  it  is  found,  after  removal,  to  be  positively  electri* 
cal,  and  the  silver  or  copper  is  left  in  the  opposite  state. 

The  electricity  thus  developed  was  distinguished  as  Galvanism,  Galvanism, 
from  the  circumstance  that  Galvani,  an  Italian  physiologist,  about 
ttke  year  1789,  observed  the  first  striking  phenomenon  which  led  to 
the  discovery.  He  observed  it  only  in  its  power  of  affecting  the  ani- 
mal system.  It  was  found  that  if  the  nerve  of  a  recently  killed  frog 
was  attached  to  a  silver  probe,  and  a  piece  of  zinc  was  brought  into 
contact  with  the  muscles  of  ihe  aniraali  violent  contractions  would 
be  produced  at  every  contact  of  the  metals.  Exactly  the  same  effect 
is  produced  by  an  electric  spark,  or  the  discharge  of  a  small  Leyden 
phial.     The  following  experiment  produces  a  similar  effect. 

Place  a  piece  of  zino  apon  the  tonjue,  and  a  piece  of  lilver  under  it ;  when-  _ 
ever  the  projecting  edcee  of  these  different  metals  are  made  to  touch,  a  peculiar  ^^' 
taste  or  sensation  will  he  perceived,  and  if  the  pieces  are  large  the  contact  will 
sometimes  be  accompanied  by  a  flash  of  light. 

280.  From  these  and  similar  experiments  Galvani  concluded  that  Oalfani's, 
the  phenomena  were  owing  to  the  communication  of  electricity  ge-  '*n»thssis, 
neraied  by  the  animal  system.     Volta  supposed  that  the  electricity  Volta% 
Was  derived  from  the  action  exerted  between  the  metal  and  the 

mtoist  animal  fibre,  and  soon  discovered  that  it  is  evolved  by  arrange- 
ments wholly  unconnected  with  any  process  of  vitality,  rlis  disco- 
very of  a  method  of  augmenting  the  galvanic -energy,  and  of  thus 
enabling  us  to  investigate  its  effects  with  more  precision,  has  ac- 
quired for  this  form  of  electricity  the  epithet  Voltaic, 

281.  The  identity  of  the  agent  concerned  in  the  phenomena  of 

falvanism  and  of  the  common  electrical  machine,  is  now  a  matter  of 
emonstration.  The  effects  of  common  electricity  are  caused  by  a 
comparatively  small  quantity  of  electricity  brought  into  a  state  of  in- 
sulation, in  which  state  it  exerts  a  high  intensity,  as  evinced  by  its 
remarkable  attractive  and  repulsive  energies,  and  by  its  power  to 
force  a  passage  through  obstructing  media.  In  galvanism  the  elec- 
tric agent  is  more  intimately^ associated  with  other  substances,  is 
developed  in  large  quantity,  but  never  attains  a  high  tension,  and 
produces  its  peculiar  effects  while  flowing  along  conductors  in  a  con- 
tinmous  current. 

282.  When  a  plate  of  zinc  and  a  plate  of  copper  are  placed  in  a  Simple 
vessel  of  water,  and  the  two  metals  are  made  to  touch  each  other,  Y^^^® 
either  directly  or  by  the  intervention  of  a  metallic  wire,  galvanism  is  *"'*••' 
excited.     The  action  is,  indeed,  very  feeble,  and  not  to  be  detected 

by  ordinary  methods  ;  but  if  a  little  sulphuric  acid  be  added  to  the 
water,  numerous  globules  of  hydrogen  gas  will  be  evolved  at  the  sur- 
face of  the  copper.  This  continues  while  metallic  contact  between 
the  plates  continues,  in  which  state  the  circuit  is  said  to  be  closed  ; 
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ofc>P'  i«  but  it  ceases  when  the  circuit  is  broken,  that  is,  when  metallic  contact 
is  interrupted.  The  hydrogen  gas  which  arises  from  the  copper 
plate  results  from  water  decomposed  by  the  electric  current,  and  its 
ceasing  to  appear  indicates  the  moment  when  the  current  ceases/  la 
this  case  the  roltaic  circle  consists  of  zinc,  copper,  and  interposed  di- 
lute acid  ;  and  the  circle  gives  rise  to  a  current  only  when  the  two 
metals  are  in  contact.  This  arrangement  is  shown  in  Fig.  58,  where 
metallic  contact  is  readily  made  or  broken  by  fic^ssl 

means  of  copper  wires  soldered  to  the  plates.  It 
is  found  that  a  current  of  positive  electricity  con- 
tinually circulates  in  the  closed  circuit  from  the 
zinc  through  the  liquid  to  the  copper,  and  from 
the  copper  along  the  conducting  wires  to  the 
zinc,  as  indicated  by  the  arrows  in  the  figure.  A 
current  of  negative  electricity,  agreeably  to  the  theory  of  two  electric 
fluids,  ought  to  traverse  the  apparatus  in  a  direction  precisely  re- 
versed ;  but  for  the  sake  of  simplicity  the  course  of  the  positive  cur- 
rent only  will  hereafter  be  indicated. 

293.  ft  matters  not,  so  far  as  voltaic  action  is  concerned,  at  what 
part  the  plates  touch  each  other.  Immersion  of  one  plate  only  in 
the  acid  solution,  however  contact  between  the  plates  may  be  made, 
does  not  excite  voltaic  action  ;  nor  does  it  suffice  to  have  one  plate  in 
one  vessel,  and  the  other  plate  in  another  vessel.  A  plate  of  zinc 
soldered  to  one  of  copper,  and  plunged  into  dilute  acid,  gives  a  cur- 
rent passing  from  the  zinc  through  the  fluid  round  to  the  copper : 
but  if  the  soldered  plates  are  cemented  into  a  box  with  Fig.  59. 
a  wooden  bottom  and  metallic  sides,  so  as  to  form  two  p^ 
Beparate  cells,  as  shown  in  a  vertical  section  by  Fig.  ,ai, 
.  59,  then  the  introduction  of  dilute  acid  to  the  cells  will 
not  excite  a  current  unless  the  fluid  of  the  cells  be 
made  to  communicate  by  means  of  moistened  fibres  of 
twine,  cotton,  or  some  porous  matter,  or,  as  in  the  figure, 
by  wires  a  3,  soldered  to  the  metallic  sides  which  contain  the  dilute 
acid,  or  dipping  into  the  acid  itself.  Then  the  positive  current  cir- 
culates in  the  direction  shown  by  the  arrows. 

Instead  of  a  pitir  of  plates  being  soldered  together,  they  may  be 
connected  by  a  wire,  and  plunged  into  separate  cells. 
Circleof  234.  A  simple  voltaic  circle  may  be  formed  of  one  metal  and  two 
iSf.!?i*°^  liquids,  provided  the  liquids  are  such  that  a  stronger  chemical  action 
is  induced  on  one  side  than  on  the  other.  Nay,  the  same  acid  solution 
may  occupy  both  cells,  provided  some  condition  be  introduced  which 
shall  cause  one  side  of  the  zinc  to  be  more  rapidly  dissolved  than  the 
other ;  as  by  the  plate  being  rough  on  one  side  and  polished  on  the 
other,  or  by  the  acid  being  hot  in  one  cell  and  cold  in  the  other.  In 
this  case,  however,  the  result  is  the  same  as  though  two  diflerent 
liquids  were  used. 

285.  An  interesting  kind  of  simple  voltaic  circle  is  afforded  by 
commercial  zinc.  This  metal,  as  sold  in  the  shops,  contains  traces 
of  tin  and  lead,  with  rather  more  than  one  per  cent,  of  iron,  which  is 
mechanically  difiused  through  its  substance  :  on  immersion  in  dilute 
sulphuric  acid,  these  small  particles  of  iron  and  the  adjacent  zinc 


liquid. 


Zinc  circle. 
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fonn  namerous  voltaic  circles,  transTnitting  their  carrents  through    b«.  v. 
the  acid  which  moistens  them,  and  disengaging  a  large  quantity  of 
hydrogen  gas.* 

286.  While  the  current  formed  hy  the  contact  of  two  metals  gives 
increased  effect  to  the  affinity  of  one  of  them  for  some  element  of  the 
solution,  the  ability  of  the  other  metal  to  undergo  the  same  change 
is  proportionally  diminished.  Thus,  when  plates  of  zinc  and  copper 
touch  each  other  in  dilute  acid,  the  zinc  oxidizes  more,  and  the  cop- 
per less,  rapidly  than  without  contact.  This  principle  was  beauti-  p^^tg 
fully  exemplified  by  the  attempt  of  Davy  to  preserve  the  copper  jnoteetor. 
sheathing  of  ships.     Davy  found  that  the  quantity  of  zinc  required 

to  form  an  efficient  voltaic  circle  with  copper  was  very  small.f  Un- 
happily, in  practice,  it  is  found  that  unless  a  certain  degree  of  cor- 
rosion takes  place  in  the  copper,  its  surface  becomes  foul  from  the 
adhesion  of  sea-weeds  and  shell-fish. 

287.  Simple  voltaic  circles  may  be  formed  of  various  materials  ;  Other  cir- 
but  the  combinations  usually  employed  consist  either  of  two  perfect  ^^* 
and  one  imperfect  conductor  of  electricity,  or  of  one  perfect  and  two 
imperfect  conductors.  The  substances  mcluded  under  the  title  of 
perfect  conductors  are  metals  and  charcoal,  and  the  imperfect  con- 
ductors are  water  and  aqueous  solutions.  It  is  essential. to  the  ope- 
ration of  the  first  kind  of  circle,  that  the  imperfect  conductor  act 
chemically  on  one  of  the  metals  :  and  in  case  of  its  attacking  both, 

the  action  must  be  greater  on  one  metal  than  on  the  other.  It  is 
also  found  generally,  if  not  universally,  that  the  metal  most  attacked 
is  positive  with  respect  to  the  other,  or  bears  to  it  the  same  relation 
as  zinc  to  copper.l 

288.  The  presence  of  water  has  been  shown  by  Faraday  not  to  be  Wfttcr  not 
essential.     A  battery  may  be  composed  of  otb«r  liquid  compounds,  «>««»*W. 
such  as  a  fused  metallic  chloride,  iodide,  or  fluoride,  provided  it  is 
decomposable  by  galvanism,  and  acts  chemically  on  one  metal  of  the 

circle  more  powerfully  than  on  the  other. 

The  following  table  of  voltaic  circles  of  the  second  kind  is  from 
Davy's  Elements  of  Chemical  Philosophy  : — 

*  Mr  StufffeoD  has  remarked  that  commercial  zinc,  with  its  surface  amalgamated, 
which  may  be  done  by  dipping  a  zxae  plate  into  nitric  acid  diluted  with  two  or  three 
parts  of  water,  and  then  raobing  it  with  mercury,  resists  the  action  of  dilute  acid  fully 
as  well  as  the  purest  zmc.  This  fact,  of  which  Faraday  in  his  late  researches  has 
made  excellent  use.  appears  due  to  the  mercury  bringing  the  surface  of  the  zinc  to  a 
state  of  perfect  unitormity,  preventing  those  dinerences  between  one  spot  and  another, 
which  are  essential  to  the  production  of  minute  currents;  one  part  has  the  same  ten- 
dency to  combine  with  electricity  as  another,  and  cannot  act  as  a  discharger  to  it  (Fa- 
raday). 

t  PhiL  Trans,  1324. 

tDavy,  in  his  Bakerian  lecture  for  1826  {PhU,  Trana.),  gave  the  following  list  of 
the  first  kind  of  arrangements,  the  imperfect  conductor  being  either  the  common  acids, 
alkaline  solutions,  or  solutions  of  metallic  sulpburets,  such  as  sulphnret  of  potassmm. 
The  metal  first  mentioned  is  positive  to  those  standing  after  it  in  the  series. 

WUh  eommfm  oouis.— Potassium  and  its  amalgams,  barium  and  iu  amalgams, 
amalgam  of  zinc,  cadmium,  tin,  iron,  bismuth,  antimony,  lead,  copper,  silver,  palladi- 
nm,  tellurium,  gold,  charcoal^platinum,  iridium,  rhodium. 

With  alkaline  aotutUnU' — The  alkaligenoos  metals  and  their  amalgams,  zinc,  tin, 
lead,  copper,  iron,  silver,  palladium,  gold,  and  platinum. 

WUh  soluUom  of  metatiic  «u2p^tirets.— Zinc,  tin,  copper,  iron,  bismuth,  stiver,  pla- 
tionm,  palladium,  gold,  charcoif. 
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Solution  of  tulphoret  o! 

potaawi 
— — —  soda 


iim 


Copper 

SUver 

Lead 

Tin 

Zinc 

Other  metalB 

Charcoal 


Nitric  acid 
Sulpharic  acid 
Hydrochloric  acid 
Any  eolations  contain- 
ing acid. 


Tbe  most  energetic  of  these  combinations  is  that  in  which  the 
tneta)  is  chemically  attacked  on  one  side  by  sulphuret  of  pota8siuni» 
and  on  the  other  by  an  acid.  The  experiment  may  be  made  by  pour* 
ing  dilute  nitric  acid  into  a  cup  of  copper  or  silver,  which  stands  in 
another  vessej  containing  sulphuret  of  potassium.  The  following 
arrangements  may  also  be  employed : — 

Let  two  pieces  of  thick  flannel  be  moistened,  one  with  dilate  acid  and  the 
other  with  the  sulphnret,  and  then  placed  on  opposite  sides  of  a  plate  of  copper, 
completing  the  circuit  by  touching  each  piece  or  flannel  with  a  conducting  wire : 
or,  take  two  discs  of  copper,  each  with  its  appropriate  wire,  immerse  one  disk 
into  a  glass  filled  with  dilute  acid,  and  the  otner  mto  a  separate  glass  with  alka- 
line soTutioo,  and  connect  the  two  vessels  by  a  few  threads  of  amianthus  or  cotton 
moistened  with  a  solution  of  salt.  A  similar  combination  may  be  disposed  in 
this  order :  let  one  disc  of  copper  be  placed  on  a  piece  of  glass  or  dry  wood ;  on 
its  upper  surface  lay  in  succession  tnree  pieces  of  flannel,  the  first  moistened 
with  ailute  acid,  the  second  with  solution  of  salt,  and  the  third  with  sulphuret  of 
potassium,  and  then  cover  the  last  with  the  other  disc  of  copper. 

289.  Metallic  bodies  are  not  essential  to  the  production  of  galvanic 
phenomena.  Combinations  have  been  made  with  layers  of  charcoal 
and  plumbago,  of  slices  of  muscle  and  brain,  and  beet-root  and  wood; 
but  the  force  of  these  circles  though  accumulated  by  the  union  of 
numerous  pairs,  is  extremely  feeble,  and  they  are  very  rarely  em- 
ployed in  practice.  . 

290.  Ot  the  simple  voltaic  circles  abov^  described,  the  one  used 
for  ordinary  purposes  is  that  composed  of  a  pair  of  zinc  and  copper 
plates  excited  by  an  acid  solution  arranged  as  in  Fig.  58.  The  form 
and  size  of  tbe  apparatus  are  exceedingly  various.  Instead  of  actu- 
ally immersing  the  plates  in  the  solution,  a  piece  of  moistened  cloth 
may  be  placed  between  them.  Sometimes  the  copper  plate  is 
made  into  a  cup  for  containing  the  liquid,  and  the  _  Fic.6a 
zinc  is  fixed  between  its  two  sides,  as  shown  by  the 
accompanying  transverse  vertical  section,  Fig.  60 ; 
care  being  taken  to  avoid  actual  contact  between  the 
plates,  by  interposing  pieces  of  wood,  cork,  or  other 
imperfect  conductor  of  electricity.  T.9i.  Another  con- 
trivance, which  is  much  more  convenient,  because  the 
zinc  may  be  removed  at  will  and  have  its  surface  cleaned,  is  that 
represented  by  Fig.  61.  An  earthen  pot  a  a  is 
lined  with  a  cylinder  of  thin  copper,  within  which 
are  one  or  more  smaller  cylinders  of  the  same, 
connected  at  bottom  by  narrow  pieces  of  cop- 
per. One,  or  more  cylinders  of  zinc  are  placed  in 
the  space  between  the  coppers,  being  somewhat 
shorter  than  the  copper  cylinders,  and  are  support- 
ed on  the  edge  of  the  pot  by  projecting  pieces  sol- 
dered to  the  upper  edges.  (Fig.  62.)  Small  cups 
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Bmt'i  CaUiritmlar, 

art  attached  to  the  tw«  mfltals  for  receiv-  „   "*"■ 

ing  a.  few  drops  of  mercarir,  into  which 
the  ends  of  wires  may  be  dipped  and  the 
circuit  be  closed  or  broken  at  pleasure. 
This  apparatus  is  very  serviceable  io  expe- 
rimeDts  on  electro-magnetiam.  The  liquid 
employed  is  a  lolutioa  of  aalphate  of  cop- 
per (blue  vitriol)  in  water,  and  may  be  allowed  to  remain  in  the  pot 
when  the  apparatus  is  not  in  use,  all  that  is  necessary  is  to  remove 
the  zinc  cylinder- 

Anotber  kind  of  circle  may  be  formed  by  ceiling  a  sheet  of  zinc 
and  copper  round  each  other,  so  that  each  surface  of  the  zinc  may 
be  opposed  to  one  of  copper,  and  aepaiated  from  it  by  a  small  inter- 
val. The  contrivance  of  opposing  one  large  connected  surface  of 
zinc  to  a  similar  surfece  of  copper,  originated  wiib  Hare  of  Phil- 
adelphia, who,  from  its  surpriaing  power  of  igniting  melala,  gave  it 
the  name  of  Calorimotor.* 

291.  Compound  voltaic  circles  conaiatof  a  series  of  simple  circles.  ConpiMnul 
The  first  combinations  of  the  kind  were  described  by  Votla,  and  are  =i*^**- 

*A  a,  reprflieiit  two  cubical  TeiMli,  plj.  gj,  Hm'ito- 

twmlr  inchei   ■qnare,    maids,      bb,  frnMin 

a  fnme  qf  vood  cDnluaiiu  90  iheeU 
oT  copper,  and  20  ibe«ts  afiiDc,  ilMr- 
nsllng  with  eacfa  ntber,  md  about  half 
ao  iaeh  «paH.  T  T  <  (,  masses  of  tin 
OMt  OT«T  Iha  protmdini  w^e*  af  tfa* 
■beets  which  tre  Id  communicale  with 

eacholbsr.  Thesmallfig.on theri^t,  _. 

«|KB»ents  the  mode  in  whichlhejnnt- 
tion  betWMD  the  Tariaua  afaeeti  and 
tin  maasea  is  eiwled.     The  zinc  only 

side ;    llie  4u>ppei   alone    loochea  ob 

the  olhec.     At  the  hack  of  ihe  fiama, 

lea  abeels  of  copper  and  lea  aheela  of 

linE  an  madn  to  commanicale,  by  ■ 

coDunDn  maa*  a(  tin  eiteadiDg  Ihe 

wbala  length  of  the  Tnune,  between  T 

T;  bDtiDrrenl.at  inPif;.  S3,  there  i* 

u  intentice  between  the  inaaa  of  tin 

enduNting  the  ten  copper  ihceis,  and 

that  connecting  Ihe  Ian  zinc  aheeu.    ThsKraw  rorcepa,  appertaining  Io  each  of  the 

tin  manw,  may  be  Menon  either  aide  of  the  inleralice;  tod  likeviae  a  ivire  for  igni- 

(ion  held  bel««en  them.    The  ipplicalion  ot  the  ro|w,  pulley,  and  waighta  ia  oEti- 

out.    The  frauM  can  be  awung  round  and  lowered  into  the  waler  in  the  leaael  a,  to 

waab  off  the  acid,  which,  after  imnMnion  in  Ihe  other  vesael,  might  cualione  to  ad  on 

Ihe  abaela,  incruating  tliem  with  oxide. 

When  the  copper  and  zinc  aarlacea  are  united  by  aa  inlerrening  wire,  and  tha  in- 
•tnunent  ia  ininierted  in  Iha  acid  liqaoi  in  the  leaaet  beneath,  ibe  wire  become*  in- 
teosely  igniled,  and  when  hydrogen  ii  liberated  in  anffieieal  cnraatily  it  uanallj  take* 
fire  piHiucing  a  rery  beautiful  cotruacsting  Banie  upon  the  nrbcB  of  the  liqnid.*'  Or 
Ihe  Ibllawiog  method  may  be  employed  :  cut  Ihs  plate*  inlolhe  r^.   u 

rig.dS.  form  repreieolM  iuPig.  M,  aolderlhezinc  , .         • —  , 

and  cmper  logelber,  bend  them  into  Ihe     o  111      '      M       I 
form  or  Fig.SB   and  arrange  Ihem  in  the  I       I        I  I 

irongh  u  in  F^.  72.    The  line  plalea  are  kept  from  loucbing 
the  copper  plalea  by  piece*  of  cork,  and  piece*  of  thick  paper  an 
iniarpoaed  between  lb*  oontinon*  aorboe*  trf'ooppet.    FaradsVi 
IB  Pm.  Tram.  ISK. 

*SatJlmir.  Am.  ^  Uma,  Tol.Ltia 
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EUctiicUy —  VoUak< 


Trough. 


0^11.  L    now  well  known  under  the  names  of  voUaie  pile  and  ermtm  of  cupg. 
(Fig.  66).  In  this  apparatus  the  exciting  so-  Fig.  60^ 

lution  is  contained  in  separate  glasses  or 
cups ;  each  glass  contains  a  pair  of  plates, 
and  each  zinc  plate  it  attached  to  the  rnp- 
per  of  the  next  pair  by  a  metallic  wire.  The 
Toltaic  pile  is  made  by  placing  pairs  of  zinc 
and  copper,  or  zinc  and  silver  plates  one 
abore  the  other,  as  shown  in  Fig.  67,  each  pair  separated  from 
those  adjoining  by  pieces  of  cloth  rather  smaller  than  the  ng.^^ 
plates,  and  moistened  with  a  saturated  solution  of  salt. 
Potition  of  The  relatiye  position  of  the  metals  in  each  pair  must  be  j 
the  metali.  ^y^^  ^^^  -^  ^^^  whole  series ;  that  is,  if  the  zinc  be  placed 
below  the  copper  in  the  first  pair,  the  same  order  should 
be  observed  in  all  the  others.  Without  such  precaution 
the  apparatus  would  give  rise  to  opposite  currents, 
which  would  neutralize  each  other  more  or  less  accord- 
ing to  their  relative  forces.  The  pile,  which  may  con- 
sist of  any  convenient  number  of  combinations,  should 
be  contained  in  a  frame  formed  of  glass  pillars  fixed  into  a  piece  of 
thick  dry  wood,  by  which  it  is  both  supported  and  insulated.  Any 
number  of  these  piles  may  be  made  to  act  in  concert  by  establishing 
metallic  communication  oetween  the  positive  extremity  of  each 
pile  and  the  negative  extremity  of  the  pile  immediately  following. 

292.  The  voltaic  pile  is  now  rarely  employed,  because  we  possess 
other  modes  of  forming  galvanic  combinations  which  are  ht  more 
powerful  and  convenient.  The  galvanic  battery  proposed  by  Cruik- 
shank,  consists  of  a  trough  of  baked  wood,  about  30  inches  long,  in 
which  are  placed  at  equal  distances  50  pairs  of 
zinc  and  copper  plates  previously  soldered  to- 
gether, and  so  arranged  that  the  same  metal 
shall  always  be  on  the  same  side.  Each  pair 
is  fixed  in  a  groove  cut  in  the  sides  and  bottom 
of  the  box,  the  points  of  junction  being  made 
water-tight  by  cement.  The  apparatus  thus 
constructed  is  always  ready  for  use,  and  is 
brought  into  action  by  filling  the  cells  left  between  the  pairs  of  plates 
with  some  convenient  solution,  which  serves  the  same  purpose  as  the 
moistened  cloth  in  the  pile  of  Volta.  By  means  of  Figs.  68  and 
69  the  mode  in  which  the  plates  are  arranged  will  easily  be  under- 
stood. 

293.  Other  modes  of  combination  are  now  in  use,  which  facilitate 
the  employment  of  the  voltaic  apparatus  and  increase  its  energy. 
Most  of  these  may  be  regarded  as  modifications  of  the  crown  of  cups. 
Instead  of  glasses  it  is  more  convenient  to  employ  a  trough  of  baked 
wood,  (Fig.  69),  or  glazed  earthenware, 
divided  into  separate  cells  by  partitions  of 
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the  same  material ;  and  in  order  that  the 

plates  may  be  immersed  into  and  taken 

out  of  the  liquid  conveniently  and  at  the  same  moment,  they  are  all 

attached  to  a  bar  of  dry  wood,  the  necessary  connexion  between 
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Compomid  Cirekt. 

the  zine  of  one  cell  and  the  copper  of  the 
mdjoioin^  one  being  Bceomplished,  aa 
shown  in  figure  70,  hj  s  slip  or  wire  of 
copper.* 

294.  Theflize  andnumberaftheplBles 
may  be  varied  at  pleasure.  The  common 
and  most  conrenieat  size  for  thepiatea,  is 
four  or  sir  inches  square;  and  when  ^eat 
power  is  required,  a  number  of  different 
bstteriea  are  united  by  establishing  metal- 
lic commnnieetion  between  the  positive 
exirerailf  of  one  battery  and  the  negative  extremity  of  the  adjoin- 
ing one.  The  great  battery  of  the  Royal  Inslltulion,  with  which 
Davy  made  his  celebrated  discovery  of  the  compound  nature  of  the  al* 
kalies,  was  composed  of  2000  pairs  of  pUies,  each  plate  having  32 
square  inches  of  surface.  It  is  now  recognized,  however,  that  such 
large  compound  batteries  are  by  no  means  necessary.  Increasing  the 
number  of  plates  beyond  a  very  moderate  limit  gives,  for  most  purpos- 
es, no  proportionate  increase  of  power ;  so  that  a  ballery  of  SO  or  100 
pairs  of  plates,  thrown  into  vigorous  action,  will  be  just  aa  eETeclivc 
OS  one  of  far  greater  extent. 

385.  The  electrical  condition  of  compound  voltaic  arrangementa  is  _  _ 
similar  to  that  of  the  simple  circle.     In  the  broken  circuit  no  electric  ^^ 
current  can  be  traced ;  but  in  the  closed  circuit,  thai  is,  when  the  «!«•. 
wires  from  the  opposite  ends  of  the  battery  are  in  contact,  the  galra- 
nomeler  indicates  a  positive  electric  current  through  the  battery  itself 

*A  nBtcrial  improTemeM  id  th«  appsratui  wt±  mule  bf  ^!^ 

Wrilnum,  which  eoaautad  in  cit«idiB([  the  coppar  plau,  n  ^^ 

u  lo  oppoM  It  to  enrj  inrliicc  Dfltaa  liac,  u  Mcain  Fig.  71. 
A  i>  tng  rod  of  wood  lo  which  the  ]du»  us  icrawcd;  ii  tba 
■iiM  platei  cnnnacted  bi  diubI  with  the  copper  plitia  c  c, 
whioi  aia  ibablal  oaar  the  line  plalai,  ud  sppoied  to  tbem 
n  all  atdat,  contact  of  Iha  luifKei  being  pRTeated  bjr 
Mar  wood  or  corkpUcedat  dd.  Hate  adopted  this  with 
tnaHB*iDUaDaAagr«tiiT.  (Fig.  7!.]  It  ranaiati  of  fo« 
s  a,  A  6,  «ach  10  feel  ioog.  Bach  two  of  the  trooghs 
are  joined  lenglhwue,  edge  (a  edge,  m  that  when  the  lidea  of 
the  iwo  6  Aire  Teiiical,  thoae  oriheolheia  a  a  are  horizootel. 
Tbs  tioagba  an  ■appmlad  bf  a  frane  c  c,  and  turn  npOD  pi- 

TDU  dd.    The  piToti  are  mads  of  iron  coaled  with  biua  or  copper,  i~' ' 

(atJBB  ia  made  balweea  Iheio  and  tb«  gilTanic  (eriei  within  by  alhj 
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ic  aenc*  of  100  sain  of  oopper  and  lioc  nlaUa  (ooontcled  aa  in  Piga.  TS 
li  lioe  plaic  a  baiDg  between  two  copper  plaiaa  e  ej  an  placed  in  the  tnngha 
'    The  add  iHjoor  ii  enataiiied  m  the  Innigha  i  b,  and  bj  a  partial  nrolation  of 
=.   __j.  ._  a —  1 i.^ 1 .-^i^_^  plalei. 
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Chap.  I.  and  along  the  wires,  as  shown  by  the  arrows  in  Figs.  66  and  68« 
The  direction  of  the  current  appears  at  first  view  to  be  different  from 
that  of  the  simple  circle ;  since  in  the  latter  the  positive  electric  cur- 
rent flows  from  the  zinc  through  the  liquid  to  the  copper,  while  in 
the  compound  circle  its  direction  is  from  the  extreme  copper  through 
the  battery  to  the  extreme  zinc  plate.  This  apparent  difference 
arises  from  the  compound  circle  being  usually  terminated  by  two 
superfluous  plates.  The  extreme  copper  and  extreme  zinc  plate  of 
Fig.  68  are  not  in  contact  with  the  exciting  fluid,  and  therefore  con- 
tribute nothing  to  the  galvanic  action :  removing  these  superfluous 
plates,  which  are  solely  conductors,  there  will  remain  four  simple 
circles,  namely,  the  three  pair  of  soldered  plates  marked  2,  3,  4, 
which  act  as  in  Fig.  59,  and  the  then  extreme  plates,  1, 1,  which 
are  related  to  each  other  as  the  plates  in  Fig.  08*  When  thus  ar- 
ranged, the  direction  of  the  current  will  be  seen  to  correspond  with 
that  of  the  simple  circle. 
Sl^dm^  296.  During  the  action  of  a  simple  circlei  as  of  zinc  and  eoppevp 
gM.  excited  by  dilute  sulphuric  acid^  all  of  the  hydrogen  developed  in  the 

voltaic  process  is  evolved  at  the  surface  of  the  copper.  This  iact  ia 
not  apparent  when  common  zinc  plates  are  used,  owing  to  the  nu- 
merous currents  which  form  on  the  surface  of  the  ane  (285) ; 
but  when  a  plate  of  amalgamated  zinc  and  another  of  platinum  are 
introduced  into  dilute  sulphuric  acid  of  specific  gravity  l.X)68  or  a 
little  higher,  no  gas  whatever  appears  until  contact  between  the 
plates  is  made,  and  then  hydrogen  gas  rises  solely  from  the  platinum, 
while  zinc  is  tranquilly  dissolved.  The  separation  of  one  ingredient 
of  the  exciting  solution  at  one  plate,  while  the  element  previously 
combined  with  it  unites  with  the  other  plate,  seems  essen- 
tial to  vottaic  action.  It  is  in  some  way  connected  with  the  passage 
of  the  current  across  the  exciting  liquid. 

297«     Among  the  different  kinds  of  voTtaic  apparatus  is  usually 
placed  the  electric  column  of  De  Luc^  which  is  formed  of  successive 
pairs  of  silver  and  zinc,  or  silver  and  Dutch-metal  leaf,  separated  by 
pieces  of  paper  arranged  as  in  a  voltaic  pile.    It  is  xenarkaUe  for 
Its  power  of  exhibiting  attractions  and  repulsions  like  common  elec- 
tricity,'but  cannot  produce  chemical  decomposition  or  any  of  the 
efi&cts  most  characteristic  of  a  voltaic  current,  and  is  rathef  an  elec- 
trical than  a  Toltaie  inslmment.*     T.  94. 
ThtoriM  df     296.  Several  theories  hare  been  proposed  for  the  explanation  of 
<»•*'»•«»•»•  galvanism  and  its  eflects.     Vcdta  conceived  that  electricity  was  set 
Votia'B,      Iq  motion  and  kept  up,  solely  by  the  contact  or   communication  be- 
tween the  metals.     He  regarded  the  interposed  solution  merely  as  a 
conductor,  hy  means  of  which  the  electricity  of  each  pair  of  plates  is 
eonyeyed  from  one  part  of  the  apparatus  to  the  other. 
WoUat-         299.  The  second  theory  is  that  of  WoHaston,  who  assigned  chemi- 
toQ*t,         cal  action  as  the  cause  of  the  electricity  excited.     He  concluded  thai 
the  process  begins  with  the  oxidation  of  the  zinc,  and  that  the  con- 
ns L«e>i  c«i.       *Fif.  9,  Frontispieoe,  raprescnts  De  La</8  cohtmns,  with  a  aetidlie  ball  raspended 
""^  between  tham.    Ttie  glass  tobct  are  paeked  with  1000  or  1500  pairs  of  aine  ana  silver 

disks,  the  series  commencing  with  zme  in  one,  and  with  silver  in  the  other ;  the  et^ 
Inmns  terminate  at  bottom  m  small  b^ls,  between  which  the  ball  is  attracted  and 
repelled  for  a  consideiable  lenath  af  time,  pradaeiBg  am  iireaolar  dame.   See  Sinfsi'a 
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tact  of  the  plates  served  oolv  to  conduct  electricity.    The  third  the«    Sbu.y. 
ory  was  that  proposed  by  Davy»  who  maintained  that,  though  not 
the  primary  movers  of  the  electric  current,  the  chemical  changes  are  ^^''' 
essential  to  the  continued  action  of  every  voltaic  circle.     The  elec- 
tric excitement  wns  begun,  he  thought,  by  metallic  contact,  and  main- 
tained  by  chemical  action. 

300.  Conclusive  evidence  against  the  theory  of  Volta  has  very 
recently  been  obtained  by  Faraday.^  He  proved  metallic  contact 
not  to  be  essential  to  voltaic  action,  by  procuring  that  action  quite 
characteristically  without  contact. 

A  pbte  of  adhc,  a,  Fig.  75^  abou^SincheB  long  by  i  an  inch  wide^ 
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1 


as 
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was  cleaned  and  bent  at  a  ligbt  angle :  and  a  plate  of  platinum,  ol 
the  same  width  and  three  inches  long,  was  soldered  to  a  platinum 
wire,  6  «  £,  the  point  of  which,  x,  rested  oh  a  piece  of  bibulous  pa- 
per lyibg  upon  the  zinc,  and  moistened  With  fet  solution  of  iodide  of 
Sttassinm.  On  introducing  the  plates  into  a  vessel,  c,  filled  with 
lute  sulphuric  and  nitric  acid, a  positive  electric  current  instantly  yfs^  ^  6 
ensued  in  the  direction  of  the  arrow,  as  testified  hf  the  hydrogen  sc  ^  :  ^ 
evolved  at  the  plate  a,  by  the  decomposed  iodide  ofjx>ta88ium,  and 
by  a  ^vanometer.  We  have  thuaa  simple  circle  of  the  same  con* 
•tniction  and  action  as  in  Figure  58^  except  in  the  absenca  of  me« 
tallic  contact  ^ 

^  Another  proof,  aptly  cited  by  Faraday,  of  electric  ex-  ^^^ 
citement  being  independent  of  contact,  is  afforded  by  the  spark 
which  appears,  when  the  wires  of  a  pair  of  plates  in  vigorous  action 
ere  brought  into  contact.  The  spark  is  occasioned  by  the  passage 
of  electricity  across  a  thin  stratum  of  air,  and,  therefore,  its  produc- 
tion proves  that  electro-motion  really  occurred  while  the  wires  were 
yet  separated  by  a  thin  stratum  of  air,  which  permitted  the  electric 
current  to  pass*  and  anterior  to  their  actual  contact.  This  current, 
in  Faraday^s  experiment,  was  so  feeble  compared  with  the  one 
excited  by  the  acid  solution,  that  its  influence  was  scarcely  ap- 
preciable ;  but  if  the  opposed  currents  had 
been  of  the  same  force,  no  action  would 
have  ensued.  To  illustrate  this  still  fur- 
ther, Faraday  fixed  a  plate  of  platinum,  p, 
(Fig.  76)  parallel  and  near  to  a  plate  of  amal-  jr  .«..««  jg 
gamated  zinc,  z.  On  placing  a  drop  of  dilute  sulphuric  acid  at  y, 
and  making  metallic  contact  between  the  plate  at  z  p,  a  positive  elec- 
tric current  flowed  in  the  direction  of  the  arrows.  If,  in  the  same 
plates  (Fig.  77),  the  acid  be  introduced  at  x,  Fig. 77. 

and  metallic  contact  be  made  at  r  z,  the  cur- 
rent, passing  as  before  from  zinc  through 
the  liquid  to  the  platinum,  has  a  direction  op- 
posed to  that  of  Fig.  59,  owing  to  the  reversed 
position  of  the  acid.  If,  then,  in  the  same  plate,  (Fig.  78),  a  drop  of 
acid  be  introduced  aiy  and  z,  the  conditions  are  obviously  fulfilled  for 
producing  two  opposite  currents  of  positive  electricity,  each  fluid  act- 
ing as  a  substitute  for  metallic  contact  in  conducting  the  current  which 
the  other  tends  to  generate.  If  these  opposing  currents  happen  to  be 
equal,  they  will  annihilate  the  effects  each  separately  would  produce ; 

*  The  Philotopfdeal  TransadionM  coDtain  a  succession  of  essays  on  voltaic  electri- 
city from  the  pen  of  Faraday,  in  which  numerous  errors  have  been  exposed  and  new 
views  of  deep  inteiett  established. 
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cbap.!.    and  if  uuequal,  the  stroDger  current,  as  in  Fig.  76,  will  annihilate 
the  weaker,  and,  though  with  diminished  power,  impress  its  charac* 
ter  on  the  circuit. 
Theory  of       301.  These  considerations,  made  in  reference  to  a  simple  circle, 
wm^und   j^^^  ^^  ^^^^  ^^  jj^^  theory  of  the  compound  circle.     For  if,  in  Fig. 
78,  a  drop  of  dilute  acid,  which  acts  solely  on  Fig.  78. 

the  zinc,  be  introduced  at  y,  and  a  difierent  ^  ^ 

liquid  at  x,  capable  of  corroding  platinum  and  ^^ 
not  zinc,  then  the  chemical  action  at  y  will  ^^ 
cause  a  positive  current  from  zinc  to  platinum,  ^         ^ 

and  that  at  2  a  similar  current  from  platinum  to  zinc.  The  two  cur* 
rents  tend  to  circulate  in  the  same  direction,  and  each  promotes  the 
progress  of  the  other.  The  same  state  of  things  exists  in  the  batte* 
ries  represented  by  Figs.  66  and  68.  Chemical  action  taking  place 
on  the  zinc  of  each  pair  of  plates,  there  is  a  tendency  to  establish  an 
equal  number  of  positive  currents  nil  in  the  same  direction  ;  and  the 
simultaneous  effort  of  all  urges  on  the  current  with  a  force  which  it 
could  not  derive  from  a  single  pair  of  plates.  It  is  now,  also,  appa- 
rent that  all  the  zinc  plates  should  have  their  surfaces  towards  one 
side,  and  those  of  copper  towards  the  other :  one  reversed  pair  tends 
to  establish  a  counter-current,  which  enfeebles  the  influence  of  the 
rest.  On  the  same  principle,  the  exciting  liquid  of  a  voltaic  circle 
should  act  exclusively  on  one  of  the  plates :  if  the  copper  is  oxidized 
as  fast  as  the  zinc,  opposite  currents  will  be  excited,  which  more  or 
less  completely  counteract  each  other.  For  this  reason,  platinum  and 
zinc  act  better  than  copper  and  zinc,  especially  when  nitric  acid  is 
employed. 
Qaantity  302.  Electricians  distinguish  between  quantity  and  tnteruUy  in 
aodintenii- galvanism  as  in  ordinary  electricity.  Quantity,  in  reference  to  a 
^^*  voltaic  circle,  signifies  the  quantity  of  electric  fluid  set  in  motion  ; 

and  by  tension  or  intefuity  is  meant  the  energy  or  effort  with  which 
a  current  is  impelled.  The  current  of  a  single  pair  of  plates,  though 
variable  in  intensity  according  as  the  nature  and  strength  of  the  ex- 
citing liquid  varies,  never  attains  a  high  tension.  A  compound 
circle  does  not  act  by  directly  increasing  the  quantity  of  electricity, 
but  by  giving  impetus  or  tension  to  that  which  is  excited. 
Energy  c»-  303.  The  energy  of  a  voltaic  circle  is  usually  estimated  either  by 
Umated.  ^j^g  deflection  which  it  causes  on  a  magnetic  needle,  or  by  its  power 
of  chemical  decomposition. 

Chemical  decomposition  depends  on  quantity  and  intensity  to- 
gether,  and  affords  a  criterion  of  the  increased  tension  of  a  com- 
pound circle  due  to  an  increase  in  the  number  of  its  plates. 
Nature  of  304.  Some  conceive  that  what  is  called  an  electric  current  is  not 
tlectricity.  ^J,  actual  transfer  of  anything,  but  a  process  of  induction  among  the 
molecules  of  a  conductor  passing  progressively  along  it  Othenr, 
denying  independent  materiality  to  electricity,  may  ascribe  it  to  a 
wave  of  vibrating  matter,  just  as  the  phenomena  of  optics  are  ex- 
plained by  the  undulatory  theory.  But  whatever  theory  of  the  na- 
ture of  electricity  may  be  adopted,  it  seems  necessary,  after  the  ex- 
periments of  Faraday  on  the  identity  of  voltaic  and  common  electrici- 
ty, that  the  nature  of  an  electric  and  voltaic  current  is  essentially  the 
same. 


Identity  of  Chkanim  tmd  EUetricUy.  SB 


905.  Wben  a  zine  and  copper  plate  are  itnmersed  in  dilate  acid,   8»ct.v. 
and  the  wire  attached  to  the  former  is  connected  with  a  gold*leaf 
electrometer  of  sufficient  delicacy,  the  leaves  diverge  with  negative  nlraiiUiii       *     »  t 
electricity ;  and  on  testing  the  wire  of  the  copper  plate  in  a  VBrilnp^n  tlectro^!  ^<^^^^if^^ 
manner,  divergence  from  positive  electricity  is  obtained.     The  effect  °^*ter. 
is  so  feeble  with  a  single  pair  of  plates,  as  to  be  scarcely  apprecia- 
ble ;  but  with  a  battery  of  many  pairs  it  is  very  distinct,  thoogh  nev* 
er  powerful.    The  condition  of  a  battery  which  gives  the  greatest 
divergency  to  an  electrometer  is  that  of  numerous  plates ;  small 
plates  an  inch  square  being  just  as  effectual  as  large  ones. 

306.     A  Leyden  jar  may  be  charged  from  either  wire  of  an  un-  Leydca  jar 
broken  circuit,  provided  the  battery  be  in  a  state  to  supply  a  large  charged  i 
quantity  of  electricity  of  high  tension,  as  when  formed  of  numerous 
four^inch  plates  excited  by  dilute  acid.     When  the  wires  from  such  Shock, 
a  battery  are  brought  near  each  other,  a  spark  is  seen  to  pass  be- 
tween them ;  and  on  establishing  the  communication  by  means  of 
the  hands,  previously  moistened,  a  distinct  shock  is  perceived.     On 
sending  the  current  through  fine  metallic  wires  or  slender  pieces  of 

g lumbago  or  compact  charcoal,  these  conductors  become  intensely 
eated,  the  wires  even  of  the  most  refractory  metals  are  fused,  and 
a  vilrid  white  light  appears  at  the  points  of  the  charcoal.  If  the  com-  ETect  oo 
munication  be  established  by  metallic  leaves,  the  metals  bum  with  in^^*^ 
vivid  scintillations.  Gold*]eaf  bams  with  a  white  light,  tinged  with 
bluet  and  yields  a  daric  brown  oxide ;  and  the  light  emitted  by  silver 
is  exceedingly  brilliant,  and  of  an  emerald«green  colour.  Copper 
emits  a  bluish«white  light  attended  with  red  sparks,  lead  a  beauti- 
ful purple  light,  and  zinc  a  brilliant  white  light  inclining  to  blue,  and 
fringed  with  red.    (Singer.) 

907.  The  phenomena  seem  to  arise  from  the  current  passing  Ezplaiaad. 
along  these  substances  with  difficulty;  a  circumstance  which,  as 
they  are  perfect  conductors,  can  only  happen  when  the  quantity  to 
be  transmitted  is  oat  of  proportion  to  the  extent  of  surface  over 
which  it  has  to  pass.  It  is,  therefore,  an  object  to  excite  as  large  a 
quantity  of  electricity  in  a  given  time  as  possible,  and  for  this  pur- 
pose a  few  large  plates  answer  better  than  a  great  many  small  ones. 
A  strong  acid  solution  should  also  be  used ;  since  energetic  action, 
though  of  short  continuance,  is  more  important  than  a  moderate  one 
of  greater  permanence.  A  mixture  of  ten  or  twelve  parts  of  water 
to  one  of  nitric  acid  is  applicable ;  or,  for  the  sake  of  economy,  a 
mixture  of  one  part  of  nitric  to  two  parts  of  sulphuric  acid  may  be 
substituted  for  pure  nitric  acid. 

308.  Most  of  the  effects  of  galvanism  are  so  similar  to  those  of  the  identity  of 
electrical  machine,  that  it  is  impossible  to  witness  and  compare  both  galTaoiam, 
series  of  phenomena  without  ascribing  them  to  the  same  agent.  ™^^*<^^' 
The  question  of  identity  early  occupied  the  attention  of  Wollaston, 
who  made  some  very  beautiful  and  conclusive  experiments  to  prove 
that  the  chemical  effects  of  galvanism  may  be  characteristically  pro- 
duced by  a  current  from  the  electrical  machine.^    The  subject  has 
been  examined  anew  by  Faraday,  who  has  subjected  the  effects  of 
electrici^  and  galvanism  to  a  minute  and  critical  comparison :  he 
has  obtamed  ample  proof  of  the  decomposing  power  of  an  electric 

*  PhU  TrwM,  1801. 
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carrent  from  an  electrical  tnachiDe,  both  by  repeating  the  experi- 
ments of  Wollaston  and  devising  new  ones  of  his  own.  These  re« 
searches  have  led  to  a  remarkable  contrast  between  the  quantity  of 
electricity  concerned  in  the  production  of  voltaic  and  ordinary  elec- 
trical phenomena.  Faraday  states,  that  the  quantity  of  electric  fluid 
employed  in  decomposing  a  single  grain  of  water  is  equal  to  that  of 
a  very  powerful  flash  of  lightning. 

909.  The  chemical  agency  of  the  voltaic  apparatus,  to  which 
chemists  are  indebted  for  their  most  powerful  instrument  of  analysis, 
was  discovered  by  Carlisle  and  Nicholson.  The  substance  first  de« 
composed  by  it  was  water.  When  two  gold  or  platinum  wires  are 
connected  with  the  opposite  ends  of  a  battery,  and  their  free  extremi* 
ties  are  plunged  into  the  same  portion  of  water,  (Fig.  79,^)  but  with" 
out  touching  each  other,  hydrogen  gas  is  disengaged  at  the  nega- 
tive and  oxygen  at  the  positive  wire.  By  collecting  the  gases  in 
separate  tubes  as  they  escape,  (Fig.  81t)  they  are  found  to  be  quite 
pure,  and  in  the  exact  ratio  of  two  measures  of  hydrogen  to  one  of 
oxygen.  When  wires  of  a  more  oxidable  metal  are  employed,  the 
result  is  somewhat  difierent.  The  hydrogen  gas  appears  as  usual 
at  the  negative  wire ;  but  the  oxygen,  instead  of  escaping,  combines 
with  the  metal,  and  converts  it  into  an  oxide. 

310.  This  important  discovery  led  many  able  experimenters  to 
make  similar  trials.  Other  compound  bodies,  such  as  acids  and 
salts,  were  exposed  to  the  action  of  galvanism,  and  all  of  them  were 
decomposed  without  exception,  one  of  their  elements  appearing  at 
one  side  of  the  battery,  and  the  other  at  its  opposite  extremity.  An 
exact  uniformity  in  the  circumstances  attending  the  decomposition 
was  also  remarked.  Thus,  in  decomposing  water  or  other  com- 
pounds, the  same  kind  of  body  was  always  disengaged  at  the  same 
side  of  the  battery.  The  metals,  inflammable  substances  in  general, 
the  alkalies,  earths,  and  the  oxides  of  the  common  metals,  were 
found  at  the  negative  wire ;  while  oxygen,  chlorine,  and  the  acids, 
went  over  to  the  positive  surface. 

311.  Davy  observed  that  if  the  conducting  wires  were  plunged 
into  separate  vessels  of  water,  made  to  communicate  by  some  moist 
fibres  of  cotton  or  amianthus,  the  two  gases  were  still  disengaged  in 


*  Fig.  79.  Shows  the  method  of  decomposing  water  ia  a  glass  tube,    t  Fig  81. 
Ipparatns  for  collecting  the  gases  in  separate  tubes ;  the  tubes  ^  o,  are  filled  with 
Fig. 79.  Fig.  80.  Fig.  61 
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water,  and  inverted  in  the  globolar  vessel  d,  also  containing  water:  the  tubes  mss 
through  holes  in  a  wooden  cover  $  n  p,  are  platinum  wires  passing  thnmgh  the  globe 
to  connect  with  the  Toltaic  apparatus.  Fig.  go.  Similar  arrangement  for  collecting 
the  mixed  gases. 


their  umial  orderi  the  hydrogen  in  one  veaael,  and  the  oxygen  in  the  fccuy. 
other,  just  as  if  the  wires  had  been  immersed  into  the  same  portion  ' 
of  that  liquid.  This  singular  fact,  and  another  of  the  like  kind  ob« 
served  by  Hisinger  and  Berzelius,  induced  him  to  operate  in  the 
same  way  with  other  compounds,  and  thus  gave  rise  to  his  celebra« 
ted  researches  on  the  transfer  of  chemical  substances  from  one  ves* 
sel  to  another.^ 

In  these  ezperimeDtB  two  agate  oupa,  n  and  p,  were  om-  pig.  sq.  Eip. 

plored,  the  fint  communicating  with  the  negative,  the  second 
witn  the  positive  wire  of  the  battery,  and  connected  together 
by  moistened  amianthus.    On  putting  a  solution  bf  sulphate  of 
potaasa  or  soda  into  n,  and  distilled  water  into  p,  the  acid 
▼eiy  aooo  pasaed  over  to  the  latter,  while  the  liquid  in  the 
former,  which  was  at  first  neutral,  became  distinctly  alkaline. 
The  process  was  reversed  by  placing  the  saline  solution  in  p,  and  the  distilled 
water  in  n,  when  the  alkali  went  over  to  the  negative  cup,  leaving  free  acid  la 
the  other. 

That  the  acid  in  the  first  experiment,  and  the  alkaline  base  in 
the  second,  actually  passed  along  the  amianthus,  was  obvious  ;  for 
on  one  occasion,  when  nitrate  of  oxide  of  silver  was  strbstituted  for 
the  sulphate  of  potassa,  the  amianthus  leading  to  n  was  coated  with 
a  film  of  metal.  A  similar  transfer  was  effected  by  putting  distil- 
led water  into  n  and  p,  and  a  saline  solution  in  a  third  cup  placed 
between  the  two  others,  and  connected  with  each  by  moistened  ami- 
anthus. In  a  short  time  the  acid  of  the  salt  appeared  in  p,  arid  the 
alkali  in  n.  It  was  in  pursuing  these  researches  that  Davy  made 
his  great  discovery  of  the  decomposition  of  the  alkalies  and  earths, 
which  till  then  had  been  regarded  as  elementary.!  t 

312.  Such  is  a  statement  of  the  principal  phenomena  of  electro- 
chemical decomposition  according^  to  the  earlier  experiments^  The 
facts  then  observed  were  received  as  established  truths  of  science. 
But  Faraday,  in  his  revision  of  this  part  of  the  science^  has  not 
only  added  much  new  matter,  but  proved  that  several  points,  which  Fanuiav*i 
were  considered  as  fundamental  maxims,  are  erroneous.  Before  de-  i««»icne« 
scribing  his  results,  however,  it  is  necessary  to  define  the  new  terms 
which  he  has  had  occasion  to  introduce.  In  order  to  decompose  a 
compound,  it  is  necessary  that  it  should  be  liquid,  and  that  an  elec- 
tric current  should  pass  through  it,  an  object  easily  effected  by  dip- 
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X  The  tTaasfer  of  acid  and  alkali  may  be  shown  by  the  fol- 
lowing arrangement :  Fill  the  glass  tabes  a  a,  Fig-  83, 
which  are  closed  at  top  and  open  at  bottom,  with  intnsion 
of  violets,  or  purple  caboage,  and  invert  them  in  the  basins 
b  b,  containing  a  solotion  of  Glaober'a  salt,  and  connected 
by  the  glass  tabe  c,  also  containing  the  solution ;  p  and 
n  are  platinum  wires,  which  pass  into  the  tubes  nearly  to 
the  bottom,  and  which  are  to  be  connected  with  the  positive 
•nd  negative  extremitiea  of  the  Voltaic  apparatoa.  It  will 
be  found  that  oxygen  is  evolved  at  the  wire  p,  and  hydroeen 
«t  ti,  derived  from  the  decomposition  of  the  water.  The 
Glauber's  salt,  which  consists  of  sulphuric  acid  and  aoda, 
will  also  be  decomposed :  and  the  blue  liquor  will  be  ren- 
dered red  in  the  positive  vessel,  by  the  accumulation  of  sul- 
phuric acid,  ana  green  in  the  negative,  by  the  soda,  while 
the  acid  and  alkali  will  each  traverse  the  tube  c  without 
nniting,  in  consequence  of  being  under.the  influence  of  electrical  attraction. 

13 


TniNrworMU 


98  EUdricUy — VoUaie. 

ChMp.1.  ping  into  the  liquid  the  ends  of  the  metallic  wires  which  communi- 
cate with  the  voltaic  circle.  These  extremities  of  the  wires  are 
commonly  termed  pdes,  from  a  notion  of  their  exerting  attractive 
and  repulsive  energies  towards  the  elements  of  the  decomposing 
liquid,  just  as  the  poles  of  a  magnet  act  towards  iron;  and  each  is 
further  distinguished  by  the  term  positive  or  negative,  according  as 
it  affects  an  electrometer  with  positive  or  negative  electricity.  Fara- 
day contends  that  these  poles  have  not  any  attractive  or  repulsive 
energy,  and  act  simply  as  a  path  or  door  to  the  current :  he  hence 
New  tenns,  calls  them  electrodes^  from  nUnj^v,  and  dJoff,a  way.  The  electrodes 
are  the  surfaces,  whether  of  air,  water,  metal,  or  any  other  sub- 
stance, which  serve  to  convey  an  electric  current  into  and  from  the 
liquid  to  be  decomposed.  The  surfaces  of  this  liquid  which  are  in 
immediate  contact  with  the  electrodes,  and  where  the  elements  make 
Anode  ud  their  appearancet  are  termed  anode  and  cathode  from  dvo,  upwards. 
Cathode.    ^^^  ^^^^  ^y^^  ^^^y  |q  ^i^j^h  the  sun  rises,  and  xora,  downwards,  the 

way  in  which  the  sun  sets.  The  anode  is  where  the  positive  cur- 
rent is  supposed  to  enter,  and  the  cathode  where  it  quits,  the  de- 
composing liquid,  its  direction,  when  the  electrodes  are  placed  east 
and  west,  corresponding  with  that  of  the  positive  current  which  is 

Blectro-      bought  to  circulate  on  the  surface  of  the  earth.     To  electrclyze  a 

lyze.  compound,  is  to  decompose  it  by  the  direct  action  of  galvanism,  its 

name  being  formed  from  nXanxnop  and  ivoi,  to  unloose,  or  set  free  ; 
and  an  electrolyte  is  a  compound  which  may  be  electrolyzed.  The 
elements  of  an  electrolyte  are  called  ions,  from  lor,  going,  neuter 

Anions,  participle  of  the  verb  to  go.  Anions  are  the  ions  which  appear  at 
the  anode,  and  are  usually  termed  the  electro-negative  ingredients 
of  a  compound,  such  as  oxygen,  chlorine,  and  acids ;  and  the  electro- 
positive substances,  hydrogen,  metals,  alkalies,  which  appear  at  the 

Cations,  cathode,  are  catioTU.  Whatever  may  be  thought  of  the  necessity 
for  some  of  these  terms,  the  words  electrode,  electrolyze,  and  electro- 
lyte, are  peculiarly  appropriate. 

FkTnday*s       313*  The  principal  facts  determined  by  Faraday,  may  be  arrang- 

leonlts.      ed  under  the  following  propositions : — 

-AU  com  1.  All  compounds,  contrary  to  what  has  been  hitherto  supposed, 

JJ^J^.*^^'  are  not  electrolytes,  that  is,  are  not  directly  decomposable  by  an 

lytes.  electric  current.  But  in  making  this  assertion  it  is  necessary  to 
distinguish  between  primary  and  secondary  decomposition.  Thus 
water  is  an  electrolyte,  its  hydrogen  being  delivered  up  at  the  nega- 
tive and  its  oxygen  at  the  positive  electrode.  Nitric  acid  is  not  an 
electrolyte,  on  subjecting  it  to  voltaic  action,  the  water  of  the  solution 
is  electrolyzed,  and  its  hydrogen  arriving  at  the  negative  electrode 
decomposes  the  nitric  acid,  water  being  there  reproduced  and  ni- 

?^Qnd«Ty  trous  acid  formed.  Very  numerous  secondary  actions  are  occasion- 
ed in  this  way}  because  the  disunited  elements  are  presented  in  a 
nascent  form,  which  is  peculiarly  favourable  to  chemical  action.  By 
slow  secondary  actions,  efiected  by  very  feeble  currents,  Becquerel, 
Crosse,  and  others,  have  procured  several  crystalline  compounds  ana- 
logous to  minerals.^ 
2.  Most  of  the  salts  which  have  been  examined  are  resolvable  into 


*  See  notice  of  Crosse's  ezperimeoU  In  ^xth  Report  qf  BritUh  AnodaJHan,  p.  47. 


acid  and  oxide,  apparently  without  reference  to  their  proportions.  8<cuY. 
But  in  compounds  of  two  elements,  the  ratio  of  combination  has  an 
influence  which  has  hitherto  been  wholly  overlooked.  No  two  ele- 
ments appear  capable  of  forming  more  than  one  electrolyte.  Sub- 
stances which  consist  of  a  single  equivalent  of  one  element  and  two 
or  more  equivalents  of  some  other  element,  are  not  electrolytes : 
this  is  the  reason  why  sulphuric  and  nitric  acid  and  ammonia  do 
not  yield  primarily  to  voltaic  action.  This  principle  bids  fair  to  be* 
come  very  important  in  determining  which  of  several  compounds  of 
two  elements  contain  single  equivalents,  (116  note.)  Water,  whidi 
is  remarkable  for  its  easy  decomposition,  may  hence  be  inferred  to 
be  a  true  binary  compound. 

3.  It  liBs  been  ascertained  that  most  of  the  elements  are  t(MU,and Most  ela- 
it  is  probable  that  all  of  them  are  so ;  but  there  are  several  which  F^^  *" 
have  not  yet  been  proved  to  be  so. 

4.  A  single  ion,  that  is,  one  ion  not  in  combination  with  another,  Character 
has  no  tendency  to  pass  to  either  of  the  electrodes,  and  is  quite  in-  jytictledon. 
different  to  the  passing  current,  unless  it  be  itself  a  eofnpotmd  ion, 

and  therefore  electrolyzable.  The  character  of  true  electrolytic  ac- 
tion consists  in  the  separation  of  ions,  one  passing  to  one  electrode 
and  another  to  the  opposite  electrode,  and  appearing  there  at  the 
same  instant,  unless  the  appearance  of  one  or  both  be  prevented  by 
some  secondary  action. 

5.  There  is  no  such  thing  as  a  transfer  of  ions  in  the  sense  usual-  No  transfer 
ly  understood.    In  order  that  the  elements  of  decomposed  water ®^^®°'' 
should  appear  at  the  opposite  electrodes,  there  must  be  water  be- 
tween the  electrodes ;  and  for  the  similar  separation   of  sulphuric 

acid  and  soda,  there  must  be  a  line  of  particles  of  sulphate  of  soda 
extending  from  one  electrode  to  the  other. 

6.  Faraday  has  proved  that  even  air  may  serve  as  an  electrode.  Air  may  bo 
A  current  from  the  prime  conductor  of  an  electrical  machine  was  *||'^^ 
made  to  pass  from  a  needle's  point  through  air  to  a  pointed  piece  of  ^'^''^' 
litmus  paper  moistened  with  sulphate  of  soda,  and  then  to  issue 

from  a  similarly  moistened  point  of  turmeric  paper.  True  electroly- 
tic action  took  place,  the  litmus  becoming  red  and  the  turmeric  paper 
brown,  though  both  extremities  of  the  decomposing  solution  commu- 
nicated solely  with  a  stratum  of  air. 

7.  £lectro>chemical  decomposition  cannot  occur  unless  an  elec-  Electro- 
trie  current  is  actually  transmitted  through  it ;  or,  in  other  terms,  an  ^T^^^^' 
electrolyte  is  always  a  conductor  of  electricity.     Water,  which  con-        "* 
ducts  an  electric  current,  ceases  to  do  so  when  it  passes  into  ice,  and 

then  also  resists  decomposition — an  observation  equally  true  of  all 
electrolytes  in  becoming  solid. 

8.  Chemical  compounds  differ  in  the  electrical  force  required  for  Force  re- 
decomposition.  22S^l!ie. 

9.  The  conduction  of  the  electric  currents  within  the  cells  of  a  Eiggj,^ 
voltaic  circle  depends  on  chemical  decomposition  equally  with  that  lytee  onljr, 
between  platinum  electrodes.     No  substance  not  an  electrolyte  can  «xcite. 
serve  to  excite  a  voltaic  apparatus,  and  for  the  passage  of  electricity 

from  plate  to  plate  through  the  intervening  solution,  the  separation 
of  substances  previously  combined  in  the  required  ratio  is  essential. 

314.  In  experiments  on  decomposition  the  course  of  the  electricity  J^JJJSJ  to 
should  be  facilitated  by  employing  large  electrodes  and  wires,  and  be  regarded 
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placing  them  at  a  short  distance  from  each  other  in  a  good  conduct- 
ing  solution.  It  is  important,  also,  that  all  the  cells  of  a  circle  be 
excited  with  a  liquid  of  the  same  strength.^ 

315.  In  a  voltaic  circle  in  which  no  zinc  is  oxidized  but  what  con- 
tributes to  excite  an  electric  current,  the  quantity  of  zinc  dissolved  in 
a  given  time  from  each  plate  is  in  a  constant  ratio,  not  only  to  the  hy- 
drogen gas  evolved  from  the  corresponding  copper  plate,  but  to  the  hy- 
drogen set  free  at  the  negative  electrode.  The  ratio  is  such,  that  32^ 
parts  of  zinc  are  dissolved  during  the  evolution  of  1  part  of  hydrogen 
gas ;  and  the  conclusion  which  Faraday  has  drawn  from  this  and 
numerous  similar  experiments  is^  that  the  quantity  of  electricity  set 
in  motion  by  the  oxidation  of  32.3  grains  of  zinc  exactly  suffices  for 
resolving  9  grains  of  water  into  its  elements.  If  the  same  current, 
by  means  of  4  pairs  of  electrodes,  be  made  to  decompose  water,  chlo- 
ride of  silver,  chloride  of  lead,  and  chloride  of  tin,  all  in  the  liquid 
state,  the  quantities  of  hydrogen,  silver,  lead,  and  tin  eliminated  at 
the  4  negative  electrodes  will  be  in  the  ratio  of  1,  108, 103.6,  and 
67.9 ;  while,  at  one  positive  electrode,  oxygen,  and  at  the  three 
others  chlorine,  in  the  ratio  of  8  to  35.4,  are  separated.  It  thus  dis- 
tinctly appears — and  it  is  a  new  and  important  discovery — that  elec- 
tro-chemical decomposition  is  perfectly  definite,  a  given  quantity  of 
electricity  evolving  the  ingredients  of  compound  bodies  in  well  de- 
fined and  invariable  proportions,  to  which  Faraday  has  given  the 
name  of  dectrtxhemicai  equivalents.  The  reader  will  at  once  see 
that  these  numbers  are  identical  with  the  chemical  eouivalents  (see 
table).  Another  connexion,  then,  closer  than  any  belore  traced,  is 
established  between  electricity  and  chemical  attraction,  showing  a 
mutual  dependence  and  similarity  of  efiect  between  two  agencies^ 
such  as  almost  forces  a  belief  in  their  identity.     T.  los. 

816.  The  definite  nature  of  electroH^hemical  action,  suggested  to 
Faraday  a  ready  mode  of  estimating  the  quantity  of  electricity  circu- 
lating in  a  voltaic  apparatus.  The  instrument  is  contrived  to  collect 
the  gases  evolved  from  acidulated  water  during  a  given  interval^ 
in  a  tube  divided  into  equal  measures,  which  then  expresses  de- 
grees of  electricity,  just  as  the  expansion  of  a  liquid  in  a  thermom- 
eter indicates  degrees  of  temperature.  The  instrument,  as  con- 
structed for  this  object,  is  called  by  Faraday  a  voUa-^lectrometer, 
Various  forms  of  it  have  been  described  by  him,  according  as  it  is 

wished  to  collect  oxygen  or  hydrogen  separately  or  both  together.! 

».»-^       »— i— ^-^^^— ^       .^i  .       I  ■■ ■■■■  »^— ^.^ 

*  A  mixture  of  a  proper  strength  for  gaWanic  troughs,  is  obtained  by  adding  two 
parts  in  bulk  of  oil  of  Titriol  and  one  part  of  common  nitric  acid  to  pjg.  g4. 

100  parts  of  water,  the  whole  being  well  stirred  together  antil  well 
mixed.  Its  power  should  be  tested  before  it  is  poured  into  the 
troughs,  by  dipping  a  clean  piece  of  zinc  into  a  little  of  it  in  a  glass, 
and  oliserring  the  degree  of  action.  A  stream  of  bubbles  shonla 
be  disengaged,  so  small  that  their  size  can  hardlv  be  determined  by 
the  nakra  eye.  If  the  action  be  strong,  and  bubbles  of  a  considera- 
ble size  are  cToWed,  more  water  should  be  added.  For  full  direc- 
tions for  operating  with  voltaic  apparatus,  see  Faraday's  Ckem. 
Mamp.  445. 

t  See  Faraday's  papers  in  Philoe,  Trana.  (seventh  series),  1834, 

{».  86.  One  of  the  most  convenient  forms  is  represented  by  Fig.  84. 
t  is  composed  of  three  pieces,  a  wooden  support,  a  glass  tube, 
and  chamber.  The  two  latter  are  fitted  with  brass  collars  screw- 
ing into  each  other.  The  tube  is  134  inches  long.and  5.8ths  ofan 
inch  in  diameter,  open  at  bottom,  closed  at  top,  ana  divided  into  co- 
bieiachMandpairta.   The  chamber  is  44  incbtt  in  diameter  at  tha 
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317.  The  most  celebrated  attempt  to  explain  the  phenomena  of   8*<t  v. 
galvanism,  was  made  by  Davy  in  his  essay  on  Some  Chemical  AgeU'  Theories  of 
cies  of  Electricity  (PAtZ.  Trans.  1807),  by  means  of  an  hypothesis  •}**^*'?Jl, 
which  has  received  the  appellation  of  the  electro-chemical  theory.  He  decomposi- 
considered  that  a  certain  electric  condition,  either  positive  or  uega-  tion, 
tive,  is  natural  to  the  atoms  or  combining  molecules  of  bodies  ;  that 
chemical  union  is  the  result  of  electrical  attraction  taking  place  be* 

tween  oppositely  excited  atoms,  and  that  ordinary  chemical  decom- 
position arises  from  two  combined  atoms  being  drawn  asunder  by  the 
electric  energies  of  other  atoms  more  potent  than  those  by  which 
they  were  united*  Davy  regarded  the  metallic  terminations  or  poles  ^^7'*> 
of  a  voltaic  circle  as  two  centres  of  electrical  power,  each  acting  re- 
pulsively to  particles  in  the  same  electric  state  as  itself,  and  by  at- 
traction on  those  which  were  oppositely  excited.  The  necessary 
result  was,  that  if  the  electric  energy  of  the  battery  exceeded  that  by 
which  the  elements  of  any  compound  subject  to  its  action  were  held 
together,  decomposition  followed,  and  each  element  was  transferred 
bodily  to  the  pole  by  which  it  was  attracted.  Substances  which  ap- 
peared at  the  positive  pole,  such  as  oxygen,  chlorine,  and  acids,  were 
termed  electrO'TUgative  substances ;  and  those  electro-fositiee  bodies, 
which  were  separated  at  the  negative  pole. 

318.  Faraday  contends  that,  between  the  electrodes  and  acting  in  Fanday'i. 
right  lines,  there  is  an  axis  of  power  which  urges  the  electro-negative 
element  of  an  electrolyte  in  the  direction  the  positive  current  moves, 

and  gives  an  opposite  impulse  to  the  electro*positive  element.  He 
adopts  the  opinion  of  Grotthuss,  that  the  decomposing  influence  is 
not  exerted  on  aAy  single  particle  of  the  electrolyte,  but  that  rows  of 
particles  lying  between  the  electrodes  are  equally  subject  to  its  ac- 
tion. When  a  particle  of  oxygen  is  evolved  at  the  positive  electrode, 
the  hydrogen  with  which  it  had  been  combined  unites  with  the  oxy- 
gen of  a  contiguous  particle  of  water,  on  the  side  towards  which  the 
positive  current  is  moving ;  the  second  particle  of  hydrogen  decom- 
poses a  portion  of  water  still  nearer  to  the  negative  electrode ;  and 
the  same  process  of  decomposition  and  reproduction  of  water  con- 
tinues until  it  reaches  the  water  in  immediate  contact  with  the  nega* 
tive  electrode,  the  hydrogen  of  which  is  disengaged.  This  operation, 
described  as  commencing  at  one  electrode,  takes  place  simultane- 
ously at  both :  a  row  of  particles  of  oxygen  suddenly  lose  their 
aflinity  for  the  hydrogen  situated  on  the  side  next  the  negative  elec- 
trode, in  favour  of  those  respectively  adjacent  to  each  on  the  other 
side  ;  while  the  affinity  of  a  similar  row  of  particles  of  hydrogen  is 
diminished  for  the  oxygen  on  the  side  of  the  positive  electrode,  and  is 

base  and  4|  in  height    Through  a  short  cylinder  of  wood,  cemented  into  the  bottom  of 
the  chamber,  pass  two  jilatinom  wires,  prolonged  by  larger  wires  that  dip  into  a  small 

3oantity  of  quicksilTer  in  a  carity  in  the  centre  of  the  wooden  support ;  the  cavity  is 
iTided  by  a  partition,  and  each  wire  communicates  with  a  separate  portion  of  the  quick- 
silver:  wires  pass  to  small  brass  cvpa.  on  the  support,  to  contain  quicksiWer;  thus  the 
connexion  witn  any  apparatus  is  reaidily  made.  When  prepared  for  use,  the  chamber  is 
to  he  filled  to  about  three  fourths  with  dilute  sulphuric  acia  of  specific  gravity  1 .336,  or 
from  that  to  specific  gravity  1.26.  The  tube  is  then  filled  with  the  same  liquid,  and  a 
piece  of  clean  paper  of  a  size  to  cover  the  open  end,  is  pressed  npon  it.  The  lube  can 
now  be  invertea  and  introduced,  the  paper  withdrawn  by  a  glass  rod,  and  the  tube 
screwed  on.  The  connexion  is  now  made,  the  evolved  gases  rise  to  the  upper  part  of 
the  tube,  and  their  volumes  are  ascertained  by  inspection.  This  form  of  toe  appara- 
tos  it  an  improvement  on  that  of  Fig.  9,  in  the  paper  above  referred  to. 


102  JVbmeficIatorc. 

oh*P  n.   increased  for  thofte  on  their  opposite  side.    Hence,  for  the  elimina- 
tion of  the  elements  of  an  electrolyte  at  the  electrode,  it  is  essential 
that  the  electrolyte  itself  should  occupy  the  space  between  the  elec- 
trodes, and  be  in  contact  with  them.     The  theory,  however,  is  at 
present  incomplete. 
Magnttie        319.  The  power  of  lightning  in  destroying  and  reversing  the 
•^ttof    poles  of  a  magnet,  and  in  communicating  magnetic  properties  to 
gufanum.  pj^j.^^  ^f  j^^^j  which  did  not  previously  possess  them,  was  noticed  at 
an  early  period  of  the  science  of  electricity,  and  led  to  the  supposi- 
tion that  similar  effects  may  be  produced  by  the  common  electrical 
and  voltaic  apparatus.     Attempts  were  made  to  communicate  the 
magnetic  virtue  by  means  of  electricity  and  galvanism  ;  but  no  re- 
sults of  importance  were  obtained  till  the  winter  of  1819,  when 
Oersted  of  Copenhagen  made  his  famous  discovery,  which  forms  the 
basis  of  a  new  branch  of  science.^ 

The  fact  observed  by  Oersted  was,  that  the  metallic  wire  of  a 
closed  voltaic  circle,  and  the  same  is  true  of  charcoal,  saline  fluids, 
and  any  conducting  medium  which  forms  part  of  a  closed  circle, 
causes  a  magnetic  needle  placed  near  it  to  deviate  from  its  natural 
position,  and  assume  a  new  one,  the  direction  of  which  depends  upoa 
the  relative  position  of  the  needle  and  the  wire*! 

320.  In  1832  Forbes  succeeded  in  obtaining  a  spark  from  a  magnet 
without  the  aid  of  galvanism,  and  various  methods  have  since  been  con- 
trived. By  causing  the  armature  of  soft  iron  to  revolve  with  rapidity 
in  front  of  the  poles  of  a  powerful  magnet,  very  remarkable  results 
have  been  obtained.  The  voltaic  currents  are  induced  in  one  direc- 
tion as  the  armature  approaches  the  magnetic  poles,  and  are  reversed 
as  it  quits  them ;  so  that  the  currents  change  their  direction  twice  in 
each  revolution.  On  all  these  occasions  the  source  of  the  electricity 
is  the  same,  being  always  induced  in  the  silked  wire  or  helix  with 
which  the  armature  is  covered ;  it  has  all  the  characters  of  a  voltaic 
current.  It  produces  brilliant  sparks,  renders  platinum  wire  red  hot, 
and  gives  a  strong  shock.  It  readily  explodes  gunpowder,  and  a 
mixture  of  oxygen  and  hydrogen  gases.  It  decomposes  water  ra- 
»  pidly ;  and  though  from  the  rapid  reversal  in  the  direction  of  the 
currents,  both  gases  are  given  off  at  the  same  wire,  Pixii  succeeded 
in  collecting  them  separately. t     (An.  de  Ch,  et  de  Ph.  li.  72.) 
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CHAPTER  II. 
Section  I.    Nameridature. 


321.  The  names  formerly  applied  to  chemical  substances,  were 

'  often  fanciful  and  even  absurd,  but  in  1787  a  new  nomenclature  was 

framed  by  the  celebrated  French  chemists  Lavoisier,  BerthoUet, 

♦  Ann.  qf  PhUoa.  xvi.  273. 

t  On  thi«  subject,  which  belongs  more  to  physics  than  chemistry,  see  the  able  outline 
in  Turner's  EiemenUy  p.  109. 

t  For  figures  and  description  of  magnetic  electrical  apparatus,  see  Amor.  Jour* 
xxxiti«  p.  213,  and  zxzir  p.  868. 
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Morrean,  and  Fourcroy.l    Soch  names  as  had  been  already  given     8»c.!. 
to  the  known  elementary  substances,  and  the  more  familiar  com- 
pounds were  retained.     To  the  newly  discovered  elements,  names 
were  given  expressive  of  some  striking  property.     To  the  beautiful 
element,  to  which  the  property  of  imparting  acidity  was  believed  ex-  Pn»«pl«« 
clusively  to  belong,  Ine  name  oxygen  was  given,  from  the  Greek  menclaturt. 
o|i^  acidy  and  ysi'veiP  to  generate  :  to  inflammable  air,  which,  with 
oxygen  composes  water,  the  name  hydrogen  was  given,  from  ^<aQ 
water,  and  yByveiy,     New  elementary  substances  have  since  been 
named  on  the  same  principle,  as  the  green  gas  chlorine  from  xhaqo^ 
green  ;  iodine  from  its  violet  colour,  'Ic&^i^;  violet,  &c. 

322.  The  act  of  combining  with  oxygen  was  called  oxidation^  and  Oiidation. 
bodies  which  had  united  with  it  were  said  to  be  oxidized*     Com- 
pounds, of  which  oxygen  forms  a  part,  were  called  acids  or  oxides^  Adds  and 
according  as  they  do  or  do  not  possess  acidity.     An  oxide  of  copper  °*'^*"- 
or  iron  signified  a  combination  of  those  metab  with  oxygen,  which 

had  no  acid  properties.  The  termination  ide  was  also  applied  to  simi- 
lar combinations  of  chlorine,  iodine,  &rc.,  thus  we  have  chlorides , 
iodides  J  jrp* 

323.  The  combinations  of  the  simple  non-metallic  substances,  ei-  ^^i, 
ther  with  one  another,  with  a  metal,  or  with  a  metallic  oxide,  were 
denoted  by  the  termination  uret     Thus  sulphuret  and  carburet  of 

iron,  signify  compounds  of  sulphur  and  carbon  with  iron.     The  dif-  Ozidethow 
ferent  oxides  or  sulphurets  of  the  same  substance  were  distinguished  ^'*?li 
from  one  another  by  some  epithet,  which  was  commonly  derived 
from  the  colour  of  the  compound,  as  black  and  red  oxides  of  iron, 
black  and  red  sulphurets  of  mercury.  Though  this  practice  is  still  con- 
tinued occasionally,  it  is  now  more  customary  to  distinguish  degrees 
of  oxidation  by  tbe  use  of  derivatives  from  the  Greek  or  Latin. 
Thus  the  protoxide  of  a  metal  denotes  the  compound  containing  the 
minimum  of  oxygen,  or  the  first  oxide  which  the  metal  is  known  to 
form,  ^noxide  the  second,  ter  or  fn^oxide  the  third  ;  and  when  per' 
oxide  is  employed,  it  denotes  the  highest  degree  of  oxidation.     The  Sesquioz- 
Latin  word  sesqui,  one  and  a  half,  is  used  as  an  affix  to  an  oxide,  ^^^'- 
the  oxygen  in  which  is  to  that  in  the  first  oxide  as  11  to  1,  or  as  3  to 
2.     The  sulphurets,  carburets,  &c.,  of  the  same  substance  are  desig- 
nated in  a  similar  way. 

324.  The  name  of  an  acid  was  derived  from  the  substance  acidi*  Adds. 
fied  by  the  oxygen,  to  which  was  added  the  termination  in  ic.  Thus 
sulphuric  and  carbontc  acids,  signify  acid  compounds  of  sulphur  and 
carbon  with  oxygen.  If  sulphur  or  any  other  body  should  form  two 
acids,  that  which  contains  the  least  quantity  of  oxygen  is  made  to 
terminate  in  otiSj  as  sulphurot^  acid. 

325.  Compounds  consisting  of  acids  in  combination  with  metallic  ^1^>* 
oxides,  or  any  alkaline  bases,  were  termed  salts,  the  names  of  which 
were  so  contrived  as  to  indicate  the  substances  contained  in  them. 

If  the  acidified  substance  contained  a  maximum  of  oxygen,  the  name 
of  the  salt  terminated  in  ate  ;  if  a  minimum,  the  termination  in  ite 
was  employed.  Thus  the  sulphate,  phospho/e,  and  nrsenlate  of  po- 
tassa,  are  salts  of  sulphuric,  phosphoric,  and  arsenic  acids ;  while 

*  For  interesting  biographies  of  these  eminent  men,  see  Thomson's  HiBtory  qf 
Ctiemiatry,  vol.  ii. 
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Oh^«n.  the  terms  sulphite,  phosphite,  and  arsentte  of  potassa,  denote  cozabi- 
nations  of  that  alkali  with  the  sulphuroia,  phosphoroia,  and  arseni- 
aiLs  acids. 

326.  After  the  discovery  of  the  laws  of  chemical  combination,  the 
NntiaJ.     nomenclature  was  much  improved.     What  were  before  called  TietUral 

saltSt  from  the  acid  and  alkali  being  in  such  proportions  as  to  neu- 

Saper-8altii»tralize  each  other,  super-salts  from  the  prevalence  of  acid,  and  mb- 

salts  from  the  excess  of  alkali,  were  named  from  their  atomic  consti- 

Atomic      tution.     If  the  salt  is  a  compound  of  one  proportion  of  the  acid  and 

commi-     ^y^Q  alkali,  the  generic  name  of  the  salt  is  employed  without  any 

^D  in  1   -  Qii^gf  addition  ;    but  if  two   or  more  proportions  of  the  acid  are 

attached  to  one  of  the  base,  or  two  or  more  of  the  base  to  one  of 

the  acid,  a  numeral  is  prefixed  so  as  to  indicate  its  composition. 

The  two  salts  of  sulphuric  acid  and  potassa  are  called  sulphate 

and  ^sulphate ;    the  first  containing  an    equivalent  of  the  acid 

and  the  alkali,  and  the  second  salt,  two  of  the  former  to  one 

of  the  latter.      The  three  salts  of   oxalic  acid  and  potassa  are 

termed  tbe  oxalate,  ^noxalate,  and  ^lecM^roxalate  of  potassa ;  because 

one  equivalent  of  the  alkali  is  united  with  one  equivalent  of  acid 

in  the  first,  with  two  in  the  second,  and  with  four  in  the  third  salt.^ 

327.  The  views  of  chemists  in  regard  to  acids,  alkalies,  and  salts, 
have  been  much  extended.  Several  of  the  metals  form  acids  with 
oxygen,  and  others  alkalies.  The  acids  and  alkalies  give  rise  to 
compounds  more  complex  than  themselves,  containing  at  least  three 
elements,  and  these  are  known  by  the  name  of  salts  ;  most  of  them 
unite  in  definite  proportions  with  certain  substances,  and,  with  other 
salts,  forming  double  salts*  Chemists  are  now  inclined  to  consider  as 
acids  all  compounds  which  unite  with  potassa  or  ammonia,  and  give 
rise  to  bodies  similar  in  constitution  and  general  character  to  the  salts 
which  the  sulphuric  or  some  admitted  acid  forms  with  those  alkalies. 

Alkalief.  328.  The  characters  of  alkalies  are  exhibited  most  perfectly  in 
potassa  and  soda;  they  are  causticity,  a  peculiar  pungent  taste,  alka- 
line reaction  with  test  paper,  and  power  of  neutralizing  acids,  and 
especially  of  forming  with  them  neutral  saline  compounds.     Such 

Salifiable    ^^^  called  alkaline  or  salifiable  bases,  which  unite  definitely  with  ad- 

haset.  mitted  acids,  and  form  compounds  analogous  in  constitution  to  the 
salts  from  admitted  alkalies  and  acids. 

Salts  art         329.  The  salts  are  now  viewed  as  compounds  of  oxidized  bodies, 

T"^"^d  ^^^  ^^^  ^^^^  ^"^  ^^^  containing  oxygen.     Ammonia^  though  not 
io^,  ^^  an  oxide,  has  all  the  characters  of  an  alkali,  and  its  compounds  with 

acids  are  admitted  as  salts. 
Orders.  330.  Salts  have  been  divided  by  Turner  into  four  orders,  viz.  1.  ozy- 

salts  ;  2.  hydro-salts  ;  3.  svlphur-salts  ;  and  4.  haloid-^salis.  In  the 
first,  the  acid  or  base  is  an  oxidized  body,  in  the  second  it  contains 
hydrogen,  in  the  third  the  electro-positive  or  negative  ingredient  is 
a  sulphuret,  and  in  the  fourth  it  is  haloidal. 

The  nomenclature  of  the  hydro  salts  is  framed  on  the  same  princi- 

*  As  the  oamerals  which  denote  the  equivalents  of  the  acid  in  a  super  salt  are  de- 
rived from  tbe  Latin,  it  has  been  proposed  by  Thonisoii  to  employ  the  Greek  namerals 
dis,  tria,  teirakia,  to  signify  the  equivalents  of  alkali  in  a  tubsalt.  Turner  has  extended 
this  by  distinguishing  two  or  more  equiyalents  of  the  negatively  electrical  element  by 
Latin  nnmeraJs,  and  the  positive  element  by  Qreeit  nmnerals.  Thus  a  Mchloride  de* 
notes  a  eompoond  which  oontaias  two  eanivalmits  of  the  Bsntive  element  chlorine; 
and  bichloride  indicates  one  equivalent  of  chlorine  with  two  of  some  ponlive  body. 
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pies  as  those  applied  to  salts  which  contain  oxygen.    No  general    fcct-^r 
principle  of  nomenclature  has  yet  been  agreed  upon  with  respect  to 
the  third  and  fourth  order.     Berzelius  has  extended   to  them  the 
same  nomenclature  which  he  employs  for  the  oxy^salts. 

331.  The  hdloidrSBllB  of  Berzelius  (from  dig  sea-salt,  and  efdog 
form)  are  those  which,  in  constitution,  are  analogous  to  sea-salt.  ^kJ! 
They  are,  for  the  most  part,  bi-elementary,  consisting  of  a  metal)  and 

of  chlorine,  iodine,  bromine,  fluorine  and  the  radicals  of  the  faydr- 
acids.^    The  haloid-salts  are  analogous  to  oxides  and  sulphurets.t 

332.  In  the  compounds  of  metallic  sulphurets  (double  sulphurets) 
Berzelius  has  found  an  exact  analogy  with  the  salts,  and  called  them 
ndphuv'-salts.     The  union  of  simple  sulphurets  forms  a  «uZpAur-salt  Sulphur 
analogous  in  constitution  to  acids  and  alkaline  bases,  and  which,  like  ""l^  ^|j>^ 
them,  are  capable  of  assuming  opposite  electric  energies  in  relation  u,. 

to  each  other.  Electro-positive  sulphurets  are  termed  sidphuv' 
bases,  and  are  usually  the  protosulphurets  of  electro-positive  me- 
tals, corresponding  to  the  alkaline  bases  of  those  metals.  Electro- 
negative sulphurets,  stdphur  acidst  are  the  sulphurets  of  electro- 
negative metals,  and  are  proportional  in  composition  to  the  acids 
which  the  same  metals  form  with  oxygen.  Hence  if  the  sulphur 
of  a  sulphur-salt  were  replaced  by  an  equivalent  of  oxygen,  an 
oxy-salt  would  result. 

333.  Most  salts  are  solid  at  common  temperatures  and  susceptible  characters 
of  crystallization  ;  they  vary  in  colour.     The  soluble  sajts  are  moreofiaiu. 
or  less  sapid,  the  insoluble  are  insipid ;  few  of  them  possess  odour. 

They  differ  in  their  affinity  for  water  (page  ^),  and  in  solubility. 
Some  dissolve  in  less  than  their  weight  of  water;  others  require  se- 
veral hundred  times  their  weight ;  others  are  quite  insoluble  ;  this  , 
diference  depends  on  their  affinity  for  water,  and  on  their  cohesion ; 
their  solubility  being  in  direct  ratio  with  the  first,  and  in  inverse  ratio 
with  the  second. 

334.  The  relative  degrees  of  affinity  of  salts  for  water  may  be  Affinity  of 
estimated  by  dissolving  equal  quantities  of  salts  in  equal  quantities  ^^  ^or 
of  water,  and  heating  the  solution.     That  salt  which  has  the  great- ^mfiMiS' 
est  affinity  for  the  menstruum  will  retain  it  with  most  force,  and  will, 
therefore,  require  the  highest  temperature  for  boiling,  t 

335.  The  term  gas  is  applied  to  those  elastic  fluids,  except  the  at*  Gas,  what, 
mosphere,  which  retain  their. aeriform  state  at  common  temperatures, 

and  which  cannot  be  made  to  change  their  form  unless  by  much 
greater  pressure  than  they  are  naturally  exposed  to.  They  difler 
from  vapours  in  the  relative  forces  with  which  they  resist  condensation. 

*The  metallic  chlorides,  iodides,  bromides,  and  fluorides,  the  cyanarets.  sulpbocy- 
anurets,  and  ferrocyaoarets,  are  iocloded  by  Berzelius  among  the  haloid  salts.  {Ana, 
de  Cfiim'  et  de  Pkyt*  xxxii.  60.) 

t  On  this  subject  consult  Turner's  £femen/s,  4(M.  The  haloid  salts  of  Berzelius  are 
the  haloid  acids  and  bases  of  Turner,  and  the  double  haloid  salts  of  the  former  are 
the  haloid  salts  of  the  latter  chemist 

t  Gay  Lussac,  An,  de  Chim.  Ixxzii. 
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Section  II.     Apparatus  and  Manipulation. 


Apptratiif.  336.  For  performing  experiments  on  gaies,  several  arttcles  of  apparatus  are  ne- 
cessary, consisting  partly  of  vessels  fitied  for  containing  the  materials  that  afford 
them,  and  partly  of  vessels  adapted  to  the  reception  of  gases,  and  for  submitting 
them  to  experiment. 

Gm  bottles.  Po'  procuring  such  gases  as  are  producible  without  a  very  strong  heat,  glass 
vessels,  furnished  with  ground  stoppers  and  bent  tubes  are  sufficient.  Of  these, 
several  will  be  required  of  different  sizes  and  shapes.    A  Florence  flask,  with  a 


Fig*  8S. 


Fig.  66. 


Fig.  87. 


rf 


cork  peribrated  by  a  bent  glass  tube,  or  even  a  tin  pipe,  will  serve,  ibr  obtaining 
some  of  the  cases.  Those  gases  that  require  for  thejr  liberation  a  red  heat,  may 
be  procured  oy  exposing  to  heat  the  substances  capable  of  affording  them,  in 
coated  earthen  retorts  or  tubes,*  or  in  a  gun  barrel,  the  touch-hole  of  which  has 
been  accurately  closed  by  an  iron  pin.  To  the  mouth  of  the  barrel  must  be  af- 
fixed a  tube  bent  so  as  to  convey  the  cas  where  it  may  be  requisite. t 

A  very  convenient  apparatus  for  obtaining  such  gases  as  cannot  be  disengaged 
Apparatus   without  a  red  heat,  consists  of  a  cast-iron  retort  (Fig  89).    This  maj^  have  a 
for  gates,    jointed  metallic  conducting  tube  fitted  to  it  by  grinding  (Fig.  90).    It  is  repre- 
mS'hMt^     sented  as  pUoed,  when  in  actaal  use,  within  the  bars  of  a  common  fire-grate,  B. 
red  neat.      (Yi^.  102.)  The  wrought  iron  bottles  in  which  quicksilver  is  imported,  form  conve- 
nient retorts  for  this  purpose,  a  sun  barrel  being  screwed  into  the  neck  of  the  bottle. 
When  these  are  used  (as  fbr  obtaining  oxygen  gas),  the  fiiel  should  be  charcoal ; 
they  are  liable  to  melt  if  anthracite  coal  is  used. 
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*  When  a  coatinff  mnst  sustain  a  very  high  temperature,  it  should  be  made  of  the 
best  Stourbridge  cTav,  made  into  a  paste,  b«iten  until  perfectly  elastic  and  uniform. 
A  portion  should  be  flattened  out  into  a  cake  of  the  required  thickness  and  size  sdapt- 
ed  to  the  vessel.  If  the  vessel  be  a  retort  or  flask,  it  should  be  pisced  in  the  roidak 
of  the  cake,  and  the  edge  of  the  latter  be  raised  on  all  sides,  and  gradually  moulded 
and  applied  to  the  glass ;  if  it  be  a  tube,  it  should  be  laid  upon  one  edse  of  the  plate, 
and  then  applied  by  slowly  rolling  the  tube  forward.  In  all  cases  the  surftice  to  be 
coated  should  be  ruobed  over  with  a  piece  oi  the  lute  dipped  in  water,  for  the  purpose 
of  moistening,  and  leaving  a  little  of  the  earth  upon  it;  and  if  anypart  of  the  surface 
becomes  dry  before  the  lute  is  applied,  it  should  oe  rerooistened.  The  lute  should  be 
pressed  ana  rubbed  down  upun  tne  glass,  successively,  from  the  part  where  the  contact 
was  first  made  to  the  edges,  until  all  air  bubbles  are  excluded,  and  an  intimate  adhe- 
sion effected.  Care  must  be  taken  to  exclude  all  air  from  between  the  glass  snd  lute, 
and  the  edges  should  be  moistened,  made  thin,  and  Joined  with  great  care.  The  ge- 
neral thickness  msy  be  from  one  fourth  to  one  third  of  an  inch.  The  vessels  are  af- 
terwards to  be  placed  in  a  warm  situation  over  the  sand  lialh,  or  in  the  sun's  rays; 
they  should  dry  slowly  and  regularly.  To  prevent  cracking,  horse  dung,  chopped  hay, 
horM  hair,  and  tow  cut  short  may  be  incorporated  with  the  lute.  The  addition  of 
sand,  renders  the  lute  more  fusible,  and  is  not  applicable  when  very  high  temperatures 
are  to  be  sustained.  In  such  cases  fragments  ef  broken  ^lass  pots,  or  of  broken  cruci- 
bles, may  be  used,  being  first  well  punrerized ;  but  crucibles,  soiled  by  flux  or  other 
impurities  must  not  be  so  employed.  For  various  kinds  of  lutes  and  cements,  and  di- 
rections for  their  application,  &c.,  see  Faraday's  Chtm,  Manip,  p.  467. 

t  Great  convenience  often  arises  from  prolonging  the  tube  by  means  of  JttxiUe 
tubes  or  hoses ;  and  any  num.  Fig.  88. 

her  of  them  may  be  connect- 
ed   by  the    attached  screws 
Fig.  96. 


^~ey^^i^.i^^a^o  4-c^^-Uo 
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For  receiving  the  gBssB,  glass  jm  of  TUious  lizea  are  required,  MmB  of  nbich  AppantM 
should  b«  fdrnisbed  wilh  aeclu  it  Ibe  top,  fitted  with  ground  itoppen,  or  to  foi  reeciT- 
which  a  circular  plate  of  bnue  ii  wall  ground.     (Fig.  91  and  92.)  ing  guM. 
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Others  should  be  provided  with  brus  caps  and  screwi  for  the 
reception  or  urcoclu.  (Fig.  9:1.)  Of  thew  air  cocka  seTeTai  will 
be  DBcessarj,  andtosomeof  thembladdera,  (Fig.  94,a,)*or  elu- 
tic  bottles,  should  be  finnlj  tied  for  the  purpose  of  tranafetring 


Some  oT  ifae  jaia  should  be  gradoaled  into  cubical  inchei,  (Fig.  95,  a).    To 
contain  thsBe  jara,  when  in  use,  a  Teasel  will  be  Beceamr,  capable  of  holding 


*  A  bladder  may  be  made 
lillle  oil  into  it  m  first,  and 
fecll)'  tight  lo  jsses.  and  are 


period  by  pounnga 

___ _  Ifadders  are  not  per- 

y  than  when  moisl ;  conseoueally  gases 
erer  longer  than  is  ahsuluiely  neceisiry. 
-'erga.t. 
atsrial,  haTiog  belweaa 
re  seldom  light,  and  n>- 
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ChAp.  B.   *  ^^^  gallons  of  water.    This  is  best  made  of  copper,  (Fi£.  96,  6,)  if  of  oon- 
tiderable  size ;   or  if    small,   of  tin,  japanned   or  painted ;   //,   exhibits  a 


Fig.  96. 
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section  of  this  apparatus,  which  has  been  termed  the  pneumato^chemical  trongby 
or  pneumatic  cistern.  Its  size  may  vary  with  that  or  the  jars  employed ;  and, 
about  one  or  two  inches  from  the  Um),  it  should  have  a  shelf  on  which 
the  jare  may  be  placed  when  filled  with  air,  without  the  risk  of  beina  orer- 
set  In  this  shelr  should  be  a  few  small  holes,  to  which  inverted  funnels  may 
be  soldered.    Fig.  97  represents  a  very  convenient  Fig.  96. 

Qradiiated   ^^"^  of  this  apparatus.   A  glass  tube.  Fig.  98,  about  \^--~. 

tubes.  IB  inches  lone  and  three  fourths  of  an  inch  in  diam-     ^^-^ 
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eter,  closed  atone  end,  and  diitided  into  cubic  inches  and  tenths  of  inches  will  be 
required  for  ascertaining  the  purity  of  air.  It  should  be  accompanied  with  a 
small  measure,  containing  aoout  two  cubic  inches,  and  similarly  Fig  99. 
graduated.  Glass  tubes  about  five  inches  lon^,  and  half  an  incn 
wide,  divided  decimally,  are  also  necessary.  Besides  these,  the  experi- 
mentalist should  be  furnished  with  air  funnels,' (Fig.  99),  for  transfer- 
ring ga»cs  from  wide  to  narrow  vessels. 

337.  An  apparatus  almost  indispensable  in  experiments  on  this  class  of  bodies, 
is  a  Gasometer,  which  enables  the  chemist  to  collect  and  to  preserve  large 

Qaffftinfttffr  ^^^^^^i^"  ^^  g^t  ^^^^  ^^^  ^^  ^^  ^^^7  <^  ^^^  pounds  of  water.    In  the  form  of 
*  this  apparatus  there  is  considerable  variety  ;  its  general  construction  and  use  is 
as  follows.  It  consists  of  an  outer  fixed  vessel  <f,  (Fig.  100),  Fig.  100. 

and  an  inner  movable  one  «,  both  of  copper  or  japanned 
iron.  The  latter  slides  easily  up  and  down  within  the  other, 
and  is  suspended  by  cords  passing  over  puUies,  to  which  are 
attached  the  counterpoises  «  e.  To  avoid  the  incumbrance 
of  a  great  weicht  of  water,  the  outer  vessel  d  is  made  doable, 
or  is  composed  of  two  cylinders,  the  inner  one  of  which  is 
dosed  at  the  top  and  at  the  bottom.  The  space  of  only 
about  half  an  inch  is  lefl  between  the  two  cylinders,  as 
shown  by  the  dotted  lines.  In  this  ^ace  the  vessel  e  may 
move  freely  up  and  down.  The  interval  is  filled  with  wa- 
ter as  high  as  the  top  of  the  inner  cylinder.  The  cup,  or 
rim,  at  the  top  of  the  outer  vessel,  is  to  prevent  the  water 
from  overflowini^,  when  the  vessel  c  is  forcibly  pressed 
down,  in  whish  situation  it  is  placed,  whenever  gas  is  about  &• 
to  be  collected.  The  gas  enters  from  the  vessel  in  which  it  is  produced,  by  the 
communicating  pipe  6,  and  passes  along  the  perpendicular  pipe,  marked  by  dot- 
ted lines  in  the  centre,  into  the  cavity  of  the  vessel  c,  which  continues  rising  till 
it  is  fhll. 

338.  To  transfer  the  gas  or  to  apply  it  to  any  purfK>se,  the  cock  ^  is  to  be  shut, 
and  an  empty  bladder,  or  bottle  or^  elastic  gum,  furnished  with  a  stop-cock,  to  be 
screwed  on,  a.  When  the  vessel  c  is  pressed  down  with  the  hand,  the  ga» 
passes  down  the  central  pipe,  which  it  had  before  ascended,  and  its  escape  at  b 
oeing  prevented,  it  finds  its  way  up  a  pipe  which  is  fixed  to  the  outer  sunace  of 
the  vessel,  and  which  is  terminated  by  the  cock  a.  By  means  of  an  ivory 
mouth-piece  screwed  upon  this  cock,  the  gas,  included  in  the  instrument, 
may  be  respired;  the  nostrils  being  closed  by  the  fingers.  When  it  is  re- 
quired to  tranafinr  the  gas  into  glass  jan  stinning  inverted  in  water,  a  crook- 


Transfer- 
ring of 


ed  tube  maf  be  employed,  one  eod  of  which  ii  aerened  upon  tbeoocfc  t;  while     gtct  It. 
the  other  ipeiiura  i>  brought  uoder  tbs  iavarted  fuonel,  filed  into  the  ibelf  of 
the  pneumatic  tiough. 

3j'J,  When  Urge  quanlitiea  of  gu  ue  lettuired,  <«i  M  «  public  leclura),  lb* 
g»»-holder  (Fig.  101)  wilt  be  found  e»tremelj  useful.  It  i*  mwle        ~-  ■-  "—  t-iJ— 


ioppar  or  I 

TwDsfa 


Tt  pipeB, , J    . 

ind  ■nolher,  b,  puses  through  the  middle  oflh* 
■        Icfeted,  in"  "  "  ■^- 


Itnillbefe 


1,  tnd  reschei  i 


•IT  cock  with  a  verj  wide  bora,  filed  to  the  funnel  at  t.  WbcB 
(aa  ia  to  be  tianiferred  into  thia  Tcnel  from  the  gasometer,  the 
Tenet  ii  Grsl  complelelf  filled  with  water  ihroogh  the  ftinnel, 
the  cock  a  being  lelt  open  and  c  efaut.  By  means  of  a  horizon- 
tal pipe,  the  aperture  a  it  connected  with  a  of  the  gnaouieter. 
The  cook  b  being  abut,  a  and  e  «r«  open,  and  llic  vecael  i  of  the 

?<om(<tet   (Fii   IDO),  gently  preaseddowDwaidi  niththe  head, 
he  ftu  then  dcMenda  from  the  guomeler  kill  the  air-holder  ii 
full,  which  may  be  known  by  the  wMer  eeaving  to  eacape  ibroogb  the  cock  e. 
All  the  eocke  ai    -'       -  >-- -i- 


mown  by 

ji  lobealii   , 

la  diauniled.    To  ap- 


laiatiaa  chiefly  in 
a  abanow  cuter 


«  ;  and  water  being  poured  through 
tbe  fiiuneli,  a  correagionding quan- 
tity of  gaa  ie  forced  into  the  blad- 
der. J^  lengthening  the  pipe  b, 
the  pressure  of  a  column  of  water 
may  be  added  :  and  the  gaa,  being 
forced  through  a  with  cooMderable 
velocity,    may   be   applied  to  the 

firpoeea  of  a  blow-pipe,  &c.  Ac- 
be  annaratua  admits  of  a  Ttuiety 
of  modifications.     The  moeluaefiit 

»  (Fig, 
102,  e)  lo  the  top  oftbe  air-holder, 
and  of  a  glass  regiater  lube  /,  which 
ahowB  Ibebeight  of  thews 
eonsequently  ibe  quantity         „     . 
in  the  lessel-    When  a  jar  is  intended  lo  be  filled  with 
it  is  placed,  filled  with  water,  snd  inierled  in  the  cialem 
being  opened,  the  water  descenda  lli 
the  gas  rises  through  the  pipe  e.     By 
any  degree  of  pressure  mar  be  obtai 
the  cock  at  the  lefl  side  of  Ihe  vessel. 
340.  A  very  convenient  apparstus 
Btoring  large  quantitiea  of  gases  moat  i  ,  _  ^  ^ 

DTDCured  as  wanted,  ll  consists  of  a  large  oil  of  vitriol  bottle  a,  or  carboy, 
(Fig  I03.J  in  which  two  lubes  with  alop-cocks  are  fitted,  water  being  introduced 
and  forced  out  again  when  necessary  by  one,  and  gaa  by  the  other.  In  the  figure  i 


fiom  the  reservoir, 

The  cocks  1  and  2 

igh  the  pipe  sttathed  lo  the  latter,  and 

ling  the  ciBlem  a  to  a  greater  elevaljon, 

1 ;  and  a  blow-pipe  may  be  screwed  on 

la  contrived  by  Hope,  for  receiving  and  Uqki, 
se,  from  wjiich  a  supply  may  be  easily  g„!hDld . 


*It  is  aecesaary  to  be  a  vara  ofihe  possible  entrance  ofcninmaD  air  with  the  water, 
even  when  there  ia  considerable  depth  in  the  eisteru.  When  the  m>  ir  pataing  ra-  '' 
pidly  DDl  ai  ibe  lateral  stop-oock,  and  conseqnenily  the  water  rapidly  descending 
Ihmngb  the  lnl«,  it  will,  if  nnallended  to,  frequently  scauire  a  rotary  moiion,  which, 
ftotn  mechanical  canaea  easily  eiplsined,  will  at  last  produce  an  aperture  commencing 
•t  the  inrface  of  the  vaier  and  desceuding  to  Iha  very  boiiom  of  ibetnlie.  Dawn  this, 
•ir  ja  rapidly  carried  by  the  deacmdins  water,  which,  miiing  with  the  gas  in  Ihe  in- 
1 — ■ _jjj  ^j,[|  infTamiiiBble  gases  may  lead  "  -• '■- 


bserred,  shonld  I.e  di 

,»;h. 

.1.     The  fern 

D  dots  lake 

daring  tbe  formation  of  a  cbaniKl,  if  water 


Ervenl  the  sir  from  jnssing  dowi 
plentifully  aupplied.    P.  WJ. 


no 


Jlpparatus  and  Mampulatian* 


Ohftp.  II.1  may  be  Bupposed  in  conneiion  with  the  extremity  of  a  bent  p]g,  103, 

gun  barrel  nxed  in  an  iron  retort,  from  which  oxygen  is 

passing  To  prevent  accident  and  render  it  more  easily 
movable  when  full  of  water,  it  should  be  placed  in  a 
tub,  the  spaee  between  the  bottle  and  sides  as  well  as 
the  bottom  are  packed  with  saw  dust.  After  filling  it 
with  water,  a  bent  tube  is  connected  with  the  gun  barrel 
by  a  flexible  lead  or  tin  pipe  two  or  three  feet  in  lencth. 
No  gas  is  allowed  to  pass  in  uoless  pure,  the  stop-cock  at 
the  extremity  of  the  gun  barrel,  6,  being  kept  shut,  while 
the  other  one  e,  is  open.  The  gas  first  passing  over  can  be  collected  by  means 
of  a  bent  tube  d  fitted  to  it,  in  a  small  jar  over  water,  so  that  its  purity  can  be 
tested.  When  it  is  thought  proper  to  commence  collecting  it,  the  stop-cock  c  is 
to  be  shut  and  tlie  other  b  opened.  As  the  gas  enters,  the  water  will  be  forced 
up  the  tube  seen  in  the  interior  of  the  bottle  continuous  with  the  stop-cock  e  at- 
tached to  the  cap  of  the  carboy ;  and  another  bent  tube  being  placed  over  it  a 
syphon  will  be  formed,  through  which  the  water  will  continue  to  flow  as  the 
cas  enters.  By  using  a  large  quantity  of  materials  at  a  time,  several  bottles  may 
be  filled  successively  without  undomg  any  part  of  the  apparatus,  except  the 
leaden  pipe  that  connects  them  directly  with  the  gun  barrel ;  one  bottle  may  be 
detached  and  another  attached  in  a  few  seconds.  If  wanted,  jars  of  gas  may  be 
collected  from  the  tube  d  in  the  pneumatic  trough. 
Transfer-  '^^  transfer  e  ge>  ^rom  this  apparatus,  detach  Uie  syphon,  place  a  Plf- 1^^ 
ring  from.  ^°  funnel  z,  (Fig.  104,^  above  the  stop-cock  «,  pour  in  water  and 
open  the  stop-cocks;  it  will  descend  and  force  the  gas  out  at  the  stop- 
cock g,  to  which  a  flexible  pipe  may  be  attach^  In  the  same 
manner  the  air  is  expelled  and  the  carboy  filled  with  water  before 
connecting  it  with  tne  retort  furnishing  the  gas. 

341.  The  gasometers  already  described,  are  fitted  only  for  the 
reception  of  gases  that  are  confinable  by  water ;   because  quick- 
Mercurial    "^'^^f  would  act  on  the   tinning  and  solder  of  the  vessels  ;  and 
gasome-      would  not  only  be  spoiled  itself,  but  would  destroy  the  apparatus.    Yet  an  in- 
ters, strument  of  this  kind,  in  which  mercury  can  be  employed,  is  peculiarly  desira- 
ble, on  account  of  the  great  weight  of  that  fluid ;  and  two  varieties  of  the  mer- 
curial gasometer  have  therefore  been  invented.    In  that  invented  by  Pepys,  the 
cistern  for  the  mercury  is  of  cast  iron.    Newmann  has  joined  a  gasometer  of  this 
kind  to  an  improved  mercurial  trough,  by  means  of  which  the  advantage  of  both 
are  obtained  with  only  60  or  70  pounds  of  quicksilver.*  Fig.  105. 


Nrvmann't 

mtreorial 

Uoiifh. 


*  It  is  not  more  than  18  inches  in  length  and  height;  and  it  is  placed  in  a  Urge  jap- 
panned  iray  to  collect  scattered  mercury. 

When  gas  is  to  be  collected  in  the  Fig.  105. 

gasometer,  the  beak  of  the  retort  is 
placed  below  the  surface  of  the  mercu- 
ry, in  the  cop  at  the  bottom  of  the  ap- 
paratus, and  haviuK  a  bell  shaped  ves- 
sel immersed  in  tne  mercnrv  imme- 
diately over  it.  The  trough  has  a 
cavity  in  the  middle,  large  enough  to 
fill  a  jar  10  inches  long,  and  2|  wide ; 
and  there  is  a  shelf  on  each  side,  three 
inches  in  width,  to  support  vessels  con- 
taining gas.  Opposite  to  three  inden- 
tations on  the  edge  of  the  trough,  are 
three  holes  in  one  of  the  shelves,  into 
which  the  beaks  of  retorts  libera- 
ting gas  are  to  be  introduced ;  or  a  sli- 
ding shelf  with  apertures  may  be  fit- 
ted across  the  cavity  for  the  same  pur- 
pose. The  gasometer  is  at  one  end, 
a,  and  sunk  below  the  level  of  the 
trough.  It  is  capable  of  containing  60 
cubic  inches.  A  tube,  connected  with 
the  gasometer  at  the  lower   part  is 

made    to    ascend,    and    passing  up         _^__    ^ ^    

through  the  mercury  in  a  comer  of  the  trough,  at  at>out  an  inch  above  it  bends, down 
again  and  terminates  beneath  its  surface.    If  the  gas  is  contained  in  the  gasometer,  it 


Pvmaeu. 


Ill 


For  tfa«  mere  eibibition  of  a  few  experimeiti,  a  imall  trough,  eleven  inchei    Sect.  II. 
long,  two  wide,  and  two  deep,  cut  out  of  a  solid  block  ef  mahogany ,  (or  soap- 
atoned  is  sufficient. 

342.  The* materials  from  which  some  gases  are  to  be  obtained,  reouire  the  aid 
of  a  high  temperature  and  a  suitable  furnace.  Various  kinds  of  furnaces  are 
required  by  the  chemist,  of  which  figures  and  descriptions  will  be  seen  in  Fara- 
day's CAtmical  Mani^uUUion* 

For  many  processes  a  very  convenient  fbmace  may  be  formed  out  of  the  larse  ponaces. 
crucibles  known  as  blue  pttts^  and  may  be  had  of  almost  every  size  less  than  the 
height  of  22  inches,  and  of  12  to  14  inches  diameter  at  the  top.  One  of  these 
vessels,  of  the  height  of  12  inches,  and  7  inches  wide  at  the  top,  will  make  a 
very  useful  furnace  for  the  ignitina  of  a  small  crucible^  heating  a  tube,  or  small 
retort  Fig.  107.  A  number  of  holes  are  pierced  in  it,  by  a  gim-  Fig.  107. 
let  or  brad  awl,  and  enlarged  by  a  round  rasp.  The  pot  is  now  bound 
round  with  iron  or  copper  wire,  to  strengthen  and  hold  it  together 
when  it  cracks,  an  effect  which  is  sure  to  take  place  after  it  has  been 
a  few  times  heated.  This  wire  should  be  carriea  round  in  three  differ- 
ent places,  and  secured  by  notches  made  in  the  pot  with  the  edge  of 
a  rasp,  and  the  ends  should  then  be  twisted  together.  It  is  also  con- 
venient to  have  a  handle  to  these  furnaces. 

A  movable  grate  like  that  figured  in  the  wood  cut,  makes  this  furnace  com- 
plete for  many  operatioos.   Fig.  108.  If  it  be  required  to  beat  a  crucible,  the 
crate  should  be  of^  such  a  size  as  to  drop  into  the  furnace,  and  rest  between  the 
bottom  and  the  second  row  of  holes.    The  part  below  then  forms  the    pig,  108. 
ash-pit  to  be  supplied  with  air  by  the  four  holes ;  and  the  part  above 
forms  the  body  of  the  fbmace  to  receive  the  fire  and  the  crucible.    If 
a  shallow  fire  only  is  wanted,  as  in  the  process  of  distillation  or  the 
heating  of  tubes,  the  grate  should  be  of  such  size  as,  when  dropped 

may  be  transferred  to  air-jars  in  the  trough,  by  filling  them  with  mercury,  pi.  |06 
placing  them  over  the  end  of  the  bent  tube,  and  giving  pressure  to  the  gasom-      «-^«* 
eter.    The  air  will  pass  from  it  along  the  tube  into  the  jar.    By  the  bend  in  b     v 
the  tube,  the  mercury  is  prevented  from  passing  into  the  lower  pert  of  the  0*  "^ 
gasometer,  while  at  tne  same  time  the  aas  is  allowed  a  free  passage.     All 
inconvenience  is  prevented  by  means  of  a  stop-cock,  which  shuts  off  the 
communication  between  the  receiver  and  the  trough,  preventing  at  the  same 
time  the  escape  of  air  from  the  gasometer,  and  of  mercury  into  it.    A  sliding 
shelf  is  fixed  beneath  the  trough  to  support  a  spirit-lamp  under  a  retort,  or 
for  other  purposes.    A  detonating  tube  6,  (Fig  106)  and  spring  are  also  at- 
tached to  toe  apparatus  by  a  clamp  and  screws,  and  may  be  fixed  on  any  side  of 
the  trough.  The  whole  apparatus  is  of  iron,  excepting  sometimes  the  pillars 
which  support  it,  and  which  may  be  of  brass.    See  another  form  Pig.  1 10. 

*  A  work  which  should  be  in  the  possession  of  every  chemical  student.  A  furaace 
for  aeneral  laboratory  use  which  has  been  found  powerful  and  convenient,  was  oris- 
inalTy  constructed  for  the  Royal  Institution'*'  of  ihe  form  and  section  represented  in  the 
annexed  figures.  It  warms  and  airs  ihe  laboratory,  heats  water,  tubes,  gas  bottles,  a 
sand  bath,  &c.  The  principal  part  is  of  brick  work,  the  top  plate  A  B,  sand  bath,  plate 
under  the  same  and  front  may  be  of  iron  or  soap  stone.  The  fine  is  carried  horizontally 


under  the  sand  bath,  and  a  warm  chamber  is  leA  beneath,  which  is  closed  by  doors, 
in  which  crucibles  or  other  vessels  may  be  kept  warm,  ready  for  introduction  into  the 
furnace,  and  slow  evaporations  be  carried  on.  The  circular  openine  in  front,  over 
the  fire  chamber,  is  adapted  to  receive  various  vessels,  by  means  of  eonoentric  iron 
rings  of  various  diameters,  on  a  cast  iron  pot. 

*  FuroacM  of  this  kind  have  for  aereral  yean  past,  been  fai  use  fai  tbe  laboratory  of  the  Univer- 
sity St  Cambridga,  and  \n  that  of  the  M«dical  CoUeie  In  Boston,  and  proved  admlrablv  adaptad 
for  all  purposes.    For  minute  dcseriptioo  aeo  Farai&y,  p.  90. 
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^pparatiu  and  MakipulaHon. 


Fig.  109. 


Fig.  110. 


Chap.  n.    into  the  fbrnace,  to  descend  only  a  little  below  the  first  tier  ef  holes,  the  ash-pit 

having  two  tien  of  holes  entering  it.    Half  a  dozen  of  these  small  grates  will 

be  required  ia  the  laboratory,  for  the  purpose  of  fitting  at  different  times  into 
different  parts  of  the  same  furnace,  and  also  for  use  in  different  sized  furnacjes  of 
the  kind  now  descnbed. 

When  we  wish  to  diminish  the  intensity  of  the  fire,  the  holes  or  a  portion  of 
them  may  be  closed  with  soft  brick  or  clay  stoppers.  On  the  contrary, 
when  it  is  desirable  to  increase  the  temperature,  or  to  increase  the 
body  of  fuel,  additions  are  made  at  the  top  of  the  furnace.  A  very 
useful  one  consists  of  the  upper  part  of  an  old  crucible  cut  off  so  as 
to  form  a  ring,  (Fig.  109,)  which  should  be  bound  round  with  wire, 
as  was  directed  in  regard  to  the  furnace. 

A  most  useful  accompaniment  to  these  small  portable  furnaces,  is 
a  piece  of  straight  funnel  pipe,  about  two  fiset  lon|(,  four  inches  in 
width,  and  opening  out  below  until  it  is  about  flight  inches  in  diame- 
ter. Fig.  110.  This  will  easily  rest  upon  any  furnace  not  more  than 
eight  inches  nor  less  than  four  or  fire  inches  wide ;  is  quickly  put 
on  or  off;  stands  steadily  of  itself,  and  increases  the  draught  power- 
fully.   A  wooden  handle  may  be  attached  to  it  for  convenience  ;  or 
without  it,  the  tongs  will  serve  to  remove  it.    It  may  either  be  taken 
off  when  the  fire  reooires  to  be  made  up,  or  thepieoes  of  charcoal 
may  be  dropped  in  rrom  above.    There  is  no  difficulty  in  raising  a 
crucible  two  inches  and  a  half  in  diameter  to  a  white  heat,  by  a  furnace  of  this 
kind,  and  that  in  any  situation  which  may  be  convenient,  upon  the  tables  or  the 
floor,  and  with  all  the  advantage  of  arranging  or  dismounting  the  apparatus  with 
extreme  facility.* 
A  »^..t..«       343.  A  useful  apparatus,  for  suhmitUng  gases  to 
foKnSl  '*«  «=<^»  ^  €lectrieUy,  is  shown  in  Fig.  11  Ij 


whore 


ting  gases  '  represents  the  knob  of  the  prime  conductor  of 
to  eleciri-  ^'^  electrical  machine ;  6,  a  Leyden  jar,  the  ball  of 
city.  which  is  in  contact  with  it,  as  when  in  the  act  of 

charging;  and  c,  the  tube  standing  inverted  in 
mercury,  and  partly  filled  with  gas.  The  mercu- 
ry is  contained  in  a  strong  wooden  box  <i,  to  which 
is  screwed  the  upright  iron  pillar  «,  with  a  sliding 
collar  for  securing  the  tube  c  in  a  perpendicular 
position.  When  the  jar  6,  is  chargea  to  a  certain 
intensity,  it  discharges  itself  between  the  knob  a 
and  the  small  ball  t,  which,  with  the  wire  con- 
nected with  it,  may  be  occasionally  fitted  on  the  top  of  the  tube  e.  The  strength 
of  the  shocks  is  regulated  by  the  distance  between  a  and  t. 

By  the  same  apparatus,  or  the  tube.  Fig.  106,  inflammable  mixtures  of  gases 
may  be  exploded  by  electricity. 
Quantity  of     344.  The  proportion  of  gas  which  majr  be  detonated  with  safety  in  a  glass 
gas  to  be      tube,  depends  considerably  upon  the  explosive  power  of  the  (particular  mixture 
detooated.    under  examination,  and  also  upon  the  quantity  detonated  at  once.    A  mixture  of 
oxygen  with  carbonic  oxide  expands,  when  inflamed,  with  much  less  force  than 
a  mixture  of  oxygen  with  hydrogen  or  olefiant  gas  ;  and  a  large  quantity  will  of 
course  expand  with  more  force  than  a  smaller.     But  besides  considering  the 
efficiency  of  the  tube  in  resisting  the  expansive  force,  occasioned  by  detonation, 
the  experimenter  has  also  so  to  proportion  the  quantity  of  gas,  that  whilst  ex- 
panding there  shall  be  abundant  space  in  the  tube  to  retain  the  products  under 
their  greatest  volume  and  agitation,  that  no  loss  may  occur.    No  more  gas  should 
be  introduced  into  a  tube  for  detonabon  than  will  occupy  a  sixth  of  its  capacity 
at  common    temperatures,  and,  generally,  it  will  be  safer  and   advisable  to 
employ  much  less.    F.  433. 
Methods  of     345.  Previously  to  undertaking  experiments  on  the  gases,  it  may  be  well  for 
transferring  an  unpractised  experimentalist  to  accustom  himself  to  the  dexterous  manage- 
gases.  ment  of  gases,  by  transferring  common  air  from  one  vessel  to  another  of  differ- 

ent sizes. 

] .  When  a  glass  jar,  closed  at  one  end,  is  filled  with  water,  and  held  with  its 


*  Faraday :  who  remarks  that  all  the  ignitings  and  heatings  which  belong  to  the 
analysis  of  siliceous  and  other  minerals,  have  long  been  made  in  furnaces  of  this 
kind  at  the  Royal  Institution. 
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mouth  downvrards,  in  boweTer  small  a  quantity  of  water,  the  fluid  is  retained     Sect.  IL  T 

in  its  place  hj  the  pressure  of  the  atmosphere  on  the  surface  of  the  exterior - 

water.  Fill  in  this  manner,  and  invert,  on  the  shelf  of  the  pneiimatto  trough, 
one  of  the  jars,  which  is  furnbhed  with  a  stopper  (Fig.  9i,V  The  water  will 
remain  in  the  jar  so  long  as  the  stopper  is  closea ;  but  immeoiately  on  removing 
it,  the  water  will  descend  to  the  same  level  within  as  without ;  for  it  is  now 
pressed,  equally  upwards  and  downwards,  by  the  atmosphere,  and  falls  therefore 
in  consequence  of  its  own  gravity. 

2.  Place  the  jar,  filled  with  water  and  inverted,  over  one  of  the  funnels  ^^Djreetions 
the  shelf  of  the  pneumatic  trough.    Then  take  another  jar,  filled  (as  it  will  be  ^nneiiee 
of  course)  with  atmoepherical  air.    Place  the  latter  with  its  month  on  the  snr*      '^ 

face  of  the  water;  and  on  pressing  it  in  the  same  position  below  the  snrfboe,  the 
included  air  will  remain  in  its  situation.  Bring  the  mouth  of  the  jar  beneath  tba 
fui^nel  in  the  shelf,  and  incline  it  gradually.  The  air  will  now  rise  in  bub* 
bles,  through  the  funnel,  into  the  upper  jar,  and  will  expel  the  water  from  it  into 
the  trG|ugh. 

3.  Let  one  ef  the  jars,  provided  with  a  stop-cock  at  the  top.  be  placed.fuU  of 
air  on  the  shelf  of  the  trough.  Screw  upon  it  an  empty  bladder ;  open  the 
communicatien  between  the  lar  and  the  bladder,  and  press  the  former  into  the 
water,  (Fig.  94.)  The  air  will  then  pass  into  the  bladder,  till  it  is  filled;  and 
when  the  bladder  is  removed  from  the  jar,  and  a  pipe  screwed  upon  it,  the  air 
may  be  again  transferred  into  a  jar  inverted  in  water. 

4.^  For  the  purpose  of  transferring  ^ases  firom  a  wide  vessel  standing  over  wa- 
ter, into  a, small  tube  filled  with  and  inverted  in  mercury,  the  folloMring  contriv-  Caven- 
ance  of  Cavendish  may  be  used.    A  tube,  eight  or  ten  inches  long,  and  of  very  ^'^^i''. 
small  diameter,  is  drawn  out  to  a  fine  bore,  and  bent  at  one  end,  so  as  to  resem-^  method, 
ble  the  italic  letter  L    The  point  is  then  immersed  in  quieksilver,  which  is        , 
drawn  into  the  tube  till  it  is  filled,  by  the  action  of  the  mouth.    Placing  the  finger 
over  the  aperture  at  the  straight  end,  the  tube  is  next  conveyed  through  the  wa- 
ter, with  the  bent  end  ujppermoet,  into  an  inverted  jar  of  gas.    When  the  finger 
is  removed,  the  quicksilver  falls  fi-ora  the  tube  into  the  trough,  or  into  a  cup 
placed  to  receive  it,  and  the  tube  is  filled  with  the  gas.    The  whole  of  the  quick* 
silver,  however,  must  not  be  allowed  to  escape ;  but  a  column  must  be  lef^  threo: 
or  four  inches  long,  and  must  be  kept  in  its  place  by  the  finger.    Remove  the 
tube  from  the  water ;  let  an  assistant  dry  it  with  blotting  paper ;  and  introduce 
the  point  of  the  bent  end  into  the  aperture  of  the  tube  stanaing  over  quicksilver. 
On  withdrawing  the  finger  from  that  aperture  which  is  now  uppermost,  the 
pressure  of  the  column  of  quicksilver,  adaed  to  the  weight  of  the  atmosphere, 
will  force  the  gas  from  the  bent  tube  into  the  one  standing  in  the  mercurial 
trough.*  / 

346.  For  the  transference  of  small  quantities  ef  gas  from  one  vessel  to  another,  p       ,  . 
the  instrument  cpntrived  by  Pepys  is  convenient    It  is  made  of  a  piece  of  glass  y^^  ^?' 
tube,  about  half  an  inch  in  diameter  and  five  inches  long,  attached  Fig.  lis-   foMnms- 
to  a  piece  of  smaller  diameter,  which,  after  bending  as  in  Fig,  112,  q   ference.  ' 
terminates  in  a  chamber  at  a,  which  bein^  cylmdrical  for  the 
greater  part  of  its  length,  terminates  in  a  capillary  tube  and  aper- 
ture.   A  small  piston,  rendered  air-tight  by  tow  and  tallow,  is 
fitted  into  the  cylindrical  tube ;  it  is. moved  by  a  rod  and  ring,  the 
rod  passing  through  a  l^x  which  closes  the  upper  aperture  of  the 
instrument,  but  wliich  should  not  be  air-tight    A  portion  of  mer« 
cury  is  placed  above  the  piston,  the  space  between  it  and  the 
capillarT  opening  of  the  chamber,  is  filled  with  the  fluime  metal             ^ 
when  the  piston  is  in  the  position  depicted.    Upon  raising  the  piston,  the  mer- 
cury follows  it,  and  descenas  into  the  chamber  a,  the  space  lefl  by  it  being  im- 
mediately filled  with  the  air  or  ^  which  has  access  to  the  oapiflary  opening. 
The  rod  has  a  graduation  upon  it,  by  which  it  is  known  when  a  tenth  of  a 
enbical  inch  of  air  has  enterea  the  chamber.    F.  340. 

347.  The  manipulation  with  jars  and  glasses  is  comparatively  easy  to  that 
which  occurs  in  transference  from  them  to  tubes,  or  firom  tubes  to  each  other.  Manipola' 
One  circumstance  with  tubes  which  occasions  difficult]r,  in  addition  to  the  nar*  ^^!°T^^^ 
rowness  of  their  mouths,  is,  their  contracted  capacity  within,  by  which  the  easy  ^^oes. 

*  In  collectieg  and  transferring  gases  over  quicksilver,  especially  where  the  qnick- 
silver  is  impure  or  dirty,  the  gas  will  escape  on  the  outside  of  the  jar,  there  being  so 
little  adhesion  between  the  quicksilver  and  the  glass ;  this,  I  have  found,  may  be 
partially  guarded  against  by  slightly  smearing  the  edge  of  the  jar  with  pomatum.  W. 
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Chap,  IL    passage  of  a  bobble  of  jam  upwarda,  aod  water  dowDwarda,  at  the  same  time,  ia 
■^""~— "■  intemred  with ;  this  enect  la  greatest  in  tubes  of  the  smallest  diameters.    No 

S'eat  difficulty  will  occur  in  the  transference  of  cas  pig.  ]  la. 

om  a  tube  to  another  that  is  wider.  (Fig.  113.)  The 
second  tube  is  to  be  filled  in  the  usual  manner  with 
water,  and  held  in  the  well  of  the  trough,  in  a  consi- 
derably inclined  position :  the  tube  containing  the  gas 
is  to  be  brought  near  it,  the  upper  edge  of  its  mouth 
inserted  as  it  were  into  the  mouth  of  the  first,  and  then 
its  position  slowly  altered,  until  the  gas  passing  to- 
wards the  mouth  be  gradually  delirered  m  distinct 
bubbles  into  the  first  tube.  During^  this  transfer,  the  mouth  of  the  second  tube 
should  be  retained  as  much  as  possible  within  tne  first ;  the  latter  should  not  be 
raised  to  a  perpendicular  position,  but  be  considerably  inclined,  for  then  the 
edges  of  its  mouth  meet  better  with,  and  are  adapted  to,  those  of  the  second  tube, 
so  as  to  confine  the  gas,  and  the  motion  of  the  bubbles  is  less  sudden  and  less 
subject  to  derangement  Occasionally  it  is  advantageously  placed  in  almost  a 
horizontal  position,  its  closed  extremity  being  but  little  raised.  One  bubble  of 
gas  should  oe  allowed  to  rise  to  some  height  in  the  tube  before  another  is  permit- 
ted to  follow. 

348.  When  the  deliveringtube  is  larger  than  the  receiving  tube,  mpre  care  ia 
required  in  the  transfer.  The  first  tube  should  be  inclined  as  before,  and  the 
upper  edge  of  the  mouth  of  the  second  placed  within  it,  and  to  assist  in  uniting 
as  It  were  the  two  tubes  for  the  moment,  the  finger  and  thumb  of  the  left  hand 
(which  holds  the  receiving  tube)  should  be  applied  at  the  sides  of  the  junction,  so 
as  to  confine  the  gas  and  prevent  its  escape  laterally.  For  this  purpose,  and  ge- 
nerally in  tube  transference,  the  tube  is  best  held  in  the  hand,  with  its  open  ex- 
tremity passing  out  between  the  thumb  and  fore  finger,  so  that  when  sustained 
in  the  water  in  an  inclined  position  the  back  of  the  hand  may  be  upwards,  the 
hand  being  as  it  were  over  the  vessel ;  the  tube  is  then  easily  supported  by  the 
two  or  three  last  fingers  of  the  hand,  and  the  fore  finser  and  thumb  are  left  at 
liberty  to  guide  the  mouths  of  the  vessels  or  to  close  me  lateral  opening,  as  has 
been  just  described.  At  other  times  it  may  be  held  as  a  pen  is  retained  in  the 
hand,  the  mouth  being  confined  and  guided  between  the  thumb  and  two  fore 
fingers.  The  tubes  should  at  all  times  be  retained  by  a  light  and  easy,  though 
secure  held,  and  not  in  a  stiff  rigid  manner,  and  the  arms  may  often  be  allowed 
to  rest  with  advantage  on  the  edge  of  the  troogh,  whilst  the  hands  are  immersed 
in  the  water. 
From  jart.  ^^'  ^^  intermediate  lipped  glass  should  be  used  for  the  transference  of  na 
from  a  large  jar  to  a  tube.  The  tube  beins  filled  with  water  is  to  be  held  under 
the  surface  as  before  descrit^ed  (347) ;  the  up  is  to  be  introduced  into  it,  the  junc- 
tion made  b^  the  fingers  if  necessary,  as  in  the  former  case,  and  the  gas  allowed 
to  pass  in  distinct  bubbles.  It  will  be  found  easier  to  transfer  from  a  glass  that 
is  from  a  third  to  five-sixths  full  of  gas,  than  from  one  containing  more  or  less. 
When  a  glass  is  nearly  empty,  it  is  often  exceedingly  difficult  to  transfer  firom  it 
into  a  narrow  tube.  Advantage  may  therefore  occasionally  be  taken  of  the  cir- 
cumstance above  mentioned,  to  replenish  the  glass  with  gas. 

350.  Tubes  containing  gases  are  easily  transferred  fVomone  trough  to  another, 
or  to  other  situations,  merely  by  closing  their  mouths  with  the  finger  or  thumb, 
and  carrying  them  to  the  required  situation.  The  student  should  very  early  at- 
tain the  habit  of  closing  the  mouth  of  a  tube  by  the  fincer  with  facility  and  secu- 
rity. The  accurate  manipulation  of  gas  in  tubes,  so  that  none  shall  escape  and 
be  lost,  u  often  essential  in  experiments  of  research,  where  only  small  portions 
of  gas  are  evolved  for  examination  as  to  many  of  its  properties.    F.  326. 

Section  III.    Methods  of  estimating  Specific  Gravities, 

ii.  351.  Water  has  been  fixed  upon  as  the  standard  of  comparison  in  ostimatiDg 

gravities,     specific  gravities;  and  iti  specim;  gravity  has  been  called  1. 

352.  fa.  all  experiments  for  asoertaininc  the  specific  gravities  of  different  sub- 
stances, particularly  of  gases,  great  attention  must  be  paid  to  the  temperature,  as 
their  volume  varies  with  the  degree  of  heat  to  which  they  are  exposed. 
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353.  To  find  tbe  specific  gravity  of  a  solid  body  heavier  than  water,— First,    Sect.  Tn. 
weigh  the  solid  in  air ;  then  weigh  it  in  water  by  a  hy-  FJg.  lli*  SMcifi 
drostatic  balance  in  the  manner  represented  in  Fig.  114,                      ^  mr^iMrof 
using  a  very  fine  thread,  or  a  hair  to  suspend  it  firom  the                     X I  a^ids 
bottom  of  one  of  the  scales.    The    difierence  in  the                     "^  * 
results  will  express  the  weight  of  a  quantit}r  of  water 
equal  in  bulk  to  the  solid  whose  specific  gravity  is  to  be 
determined,  and  the  following  proportion  will  give  its 
•pecific  gravity  in  relation  to  water  :    As  the  weight  of 
tne  water  equal  in  bulk  to  that  of  the  solid  is  to  the 
weight  of  the  solid  itself,  so  is  the  specific  gravity  of  wa- 
ter to  the  specific  gravity  of  the  solid.    Thus, 

If  the  solid  weigh  100  grains  in  air,  and  60  grains  in  wa- 
ter, then   100—60,  or  40  :  100  : :  1 :  2.6.    The  specific      

gravity  of  the  solid  is  therefore  2JS  compared  with  tnat  of  water. 

354.  If  the  solid  should  be  lighter  than  water,  a  more  complicated  procen  will  Of  light 
be  necessarv.    Attach  to  the  licht  solid  by  a  slender  thread  another  body  of  such  bodies, 
a  weight  tnat  when  tied  togeuer  they  snail  sink  in  water,  having  previously 
weighed  the  heavier  solid  in  water,  and  each  in  air ;  theo  weigh  them  together 

in  water,  and  from  the  difiference  between  their  weight  in  water  and  their  weight 
in  air,  subtract  the  difference  between  the  weicht  of  the  heavy  solid  in  air  and 
its  weight  in  water ;  the  remainder  will  show  ue  weicht  of  a  auantity  of  water 
eqnal  in  bulk  to  the  light  body,  and  we  can  then  fincf  its  specinc  gravity  in  the 
way  directed  above.    Thus, 

If  the  weight  in  air  of  the  light  solid  be  10  and  of  the  heavy  solid  20 ;  and  if  the 
weight  of  the  heavy  solid  in  water  be  18,  and  of  the  two  together  7, — then 

From  their  weight  in  air,  .        .        20  -|- 10  =  30 

Subitract  their  weight  in  water,      ...  7 

ii 

And  firom  this  subftract  20— 18=2         .        .  2 

The  remainder        -      ' 21 

expresses  the  weight  of  a  quantity  of  water  equal  in  bulk  to  the  light  solid,  and 
the  following  proportion  will  give  us  its  specinc  (^vity, 

21  :  10  :  :  1.  :  0.47619, — the  specific  gravity  of  the  lighter  solid. 

355.  Where  a  hydrostatic  balance  cannot  be  procured,  the  following  method 

may  be  adopted :  Weigh  the  solid  and  put  it  into  a  vessel  full  of  water,  the  Another 
weight  of  which  with  the  water  is  known ;  the  solid  will  displace  a  quantity  of  method, 
water  eoual  in  bulk  to  its  own ;  weich  the  vessel  again,  having  either  taken  out 
the  solid  body,  or  put  an  equal  weight  in  the  opposite  scale ; — the  difference  be- 
tween the  present  weifht  of  the  vessel  and  its  former  weight  will  express  the 
weight  of  a  quantity  of  water  equal  in  bulk  to  the  solid  body,  from  which,  by 
the  same  proportion  as  in  the  former  instances,  we  can  estimate  tne  specific  gravity 
of  the  sohd  body.  Thus,  if  the  vessel  when  full  of  water  weigned  1000,  and 
after  some  of  the  water  had  been  displaced  by  the  solid  body  and  the  solid  re- 
moved, or  a  counterpoise  placed  in  the  opposite  scale,  it  weighed  900  grains,<— 
100  grains  of  water  were  displaced  bj  the  solid  body — and  if  the  solid  body  in  air 
weigned  300  grains,  then  the  following  proportion  will  give  its  specific  gravity  : 

100  :  300  :  :  1  :  3. 

356.  If  the  solid  body  be  soluble  in  water,  some  other  fluid,  as  oil,  alcohol, 

ether,  or  a  saturated  solution  of  the  substance  itself  must  be  used,  its  specificgra-  ofgoiQkiM 
vity  being  previously  ascertained.     We  must  first  find  the  specific  gravity  ofthe  |)o^^ 
solid,  considering  the  fluid  used  as  a  standard  of  comparison,  and  makinj^  the  ' 

number  representing  its  specific  gravity  the  third  term  in  the  proportion,  in  the 
same  manner  as  when  water  is  used ;  and  then,  by  simple  proportion,  reduce 
the  product  to  the  standard  of  water.  Thus,  if  the  specinc  gravity  of  the  fluid 
used  be  1.2,  and,  considering  it  as  a  standard  of  comparison,  the  specific  gravity 
ofthe  solid  be  1.8,  then  the  following  proportion  will  give  us  its  real  specifitc 
gravity : 

1.2  :  1.8  :  :  1.  :  1.5. 

357.  When  the  substance,  the  specific  gravity  of  which  is  to  be  ascertained,  is  Of  pow- 
in  the  form  of  a  powder,  the  following  method,  recommended  by  Leslie,  will  ders, 
be  found  most  convenient.    (Fig.  115.)    Take  a  glass  tube  b  /,  three  feet  in 
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Chap.  IL  length,  and  open  at  both  ends.    The  wide  part  heU  to  be  about  Plf-  H^- 

1^  of  an  inch  in  diameter,  and  the  narrow  part  c/ about  •f(f,  com-  ac> 

municating  with  each  other  b^  a  very  small  aperture  at  e,  which  i 


0 


f 


allows  air  to  pass,  but  is  sufficiently  small  to  prevent  any  powder 
from  going  through.  The  upper  opening  at  5  is  to  be  cround,  so  that 
it  can  be  accurately  closed  by  a  glass  plate  a.  The  substance  whose 
specific  gravity  ib](o  be  determined,  is  put  into  the  wide  part  pf  the 
tube  b  e,  which  is  then  to  be  placed  in  a  wider  tube  containing  mer- 
cury gj  making  it  descend  till  the  fluid  metal  shall  have  reached  the 
aperture  at  e,  Tfien  fix  the  covert  makins  it  air-tight  with  a  very 
small  quantity  of  lild,  and  lift  it  perpendicularly  out  of  the  mercu^, 
till  the  a]^rture  at  d  shall  have  oeen  raised  above  the  surface  of  tne 
mercury  in  the  tube  to  a  height  exactly  equal  to  half  the  height  of  the 
barometer  at  the  time  the  experiment  is  made,  and  mark  the  point  at 
which  the  smaller  tdbe  is  cut  by  the  fluid,  which  we  shall  suppose  in  the  present 
instance  to  be  d.  The  air  within  that  part  of  the  tube  in  which  the  powder  has 
been  placed  being  now  subjected  to  the  pressure  of  only  half  an  atmosphere,  it 
expands  to  doubfe  its  former  volume,  one  half  still  remaining  ivitfain  b  c,  while 
the  rest  occupies  e  d,  the  space  it  inelodes  representing  therefore  the  total  bulk  of 
air  included  at  first  along  with  the  powder  |n  A  e  at  the  ordinary  pressure.    The 


ttty  of  expanded  air,  equal  in  bulk  exactly  to  what  would  be  contained  in  6  c  be- 
fore lifting  up  the  tube.  Since  e  •  then  represents  a  space  exactly  equal  to  that 
within  b  e,  and  edm  •P^'ce  eqmd  to  the  volume  of  air  in  6  e  when  the  powder  was 
in  it,  then  d  e,  the  dinerence  between  them,  shows  the  spase  occupied  by  the 
powder  when  it  was  in  b  e.  la  this  manner,  then,  we  are  enabled  to  find  out  a 
space  exactly  equal  in  bulk  to  that  of  the  solid  matter  in  the  powder,  and  if  the 
stem  be  graduated  so  as  to  express  in  grains  the  quantity  of  water  which  it  can 
contain,  we  have  only  to  weign  the  powder  in  air  and  compare  its  weight  with 
that  of  the  equal  bulk  of  water  to  ascertain  its  specific  cravity. 
nrr  ia  ^^'  '^^^  ^  bottle  of  a  known  weight,  fill  it  with  mstilled  water,  and  weigh 
oruqoids.  ii  oarefully ;  then  pour  out  the  water,  and  after  drying  the  bottle,  fill  it  with  the 
liquid  to  oe  tried.  Tlie  following  proportion  will  give  its  specific  gravity  :  As 
the  weight  of  the  distilled  water  is  to  the  weight  of  the  liquid,  so  is  1  to  the  spe- 
cific cravity  required.  Thus,  if  the  weight  of  the  distilled  water  be  300  grains, 
and  that  or  the  liquid  600,  the  foiiowing  is  the  proportion  we  must  use  : — 

300  :  600  :  :  1.  :  2. 
The  areometer  is  a  convenient  instrument'  for   ascertaining  the   specific 
Arsomettr.  gravities  of  liquids.    It  consists  of  a  Iorc,  straight,  graduated  stem,  on  which 
numben  are  marked  at  the  points  to  whidi  the  instrument  sinks  in  liquids  of  the 
specifie  gravities  marked  at  these  points.    Thus,  in  distilled  water  it  will  sink  to 
1,  and  in  nitric  acid  to  1.48.    It  Is  made  of  difierent  materials  according  to  the 
nature  of  the  liquids  whose  specific  gravities  are  to  be  ascertained  with  it. 
.     .,  Lovi's  beads  are  also  very  asefbl  for  ascertaining  the  specific  gravities  of 

f^  *         liquids.    These  are  small  balls  made  of  glass,  with  numbers  marked  on  them  in- 
"^*"*-         dicating  the  specific  gravity  of  those  liqmds  in  which  they  float  without  any  ten- 
dency either  to  sink  or  rise  to  the  top.    Those  that  float  on  the  surface  show 
that  the  liquid  has  a  greater  specific  gravity  than  the  number  marked  on  them 
expresses,  while  those  that  sinK  indicate  the  reverse,  being  heavier  than  an  equal 
bulk  of  the  fluid. 
Of  Gases         ^^'  ^^^^^^^  ^  ^  taken  as  a  standard  of  comparison  in  estimating  the 
'    specific  gravity  of  gases,  and  represented  by  the  number  1.    Their  specific  gra- 
vities are  found  oat  in  the  same  manner  as  those  of  other  substances,  viz.  by 
comparing  the  weight  of  equal  bulks  of  them  and  of  the  substance  which  is  taken 
as  a  stsn&rd  of  comparison. 

For  this  purpose,  a  flask  provided  with  a  stop-cock  is  accurately  weiched  and 
attached  to  an  air-pump  or  exhausting  syringe,  which  is  worked  in  (he  usual 
manner ;  and,  when  the  gas  whose  specific  gravity  is  to  be  tried  has  no  action  on 
atmospheric  air,  it  is  not  necessary  to  exhaust  it  to  a  very  ereat  degree.  The 
stop-cock  fixed  to  the  flask  is  then  turned,  when  it  is  weighed  again  to  ascertain 
the  quantity  of  air  extracted.  It  is  then  screwed  on  to  a  jar  (placed  over-a  pneu- 
matic troughs  oontaininc  the  gas  whose  specific  gravity  is  to  be  determineo,  and 
on  opening  tne  stop-cocK,  a  quantity  of  gas  is  forced  by  the  pressure  of  the  atmos- 
phere into  the  flask,  exactly  <*<iual  m  bulk  to  the  air  which  had  been  withdrawn, 
if  the  jar  be  depressed  in  the  liquid  till  it  shall  be  level  both  within  and  without. 
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If  the  Bfmk  be  then  detachied  from  the  jar,  it  is  ohyious  that  by  weighing  itag^    Sect-  m. 
we  can  find  out  the  weight  of  a  measure  of  gas  exactly  equal  in  bu)k  to  that  of 
the  air  whose  weight  was  found  out  by  the  first  operation. 

For  example,  if  the  flask  should  weigh  670  grains  when  full  of  air,  and  560  Example, 
after  the  ezbaostioni  then  the  quantity  of  air  wmch  has  been  withdrawn  weighs 
10  grains. 

Weight  of  flask  with  air    .....        .    S70  grains. 

Weight  of  ^ask  after  exhaustion '      •        .        .        .    660  de. 

Weight  of  air  .withdrawn,  ,       .        .      10  do. 

And  if  it  shall  weigh  680  grains  after  admitting  an  equal  volume  of  the  gas 
whose  specific  gravity  is  to  be  determined,  then  it  must  be  twice  as  heavy,  or  its 
specific  gravity  must  he  twice  as  great  as  that  of  atmospheric  air. 

Weight  of  flask  with  gas    ......    680  crains. 

Weightof  flask  after  exhaustion,         ....    660  do. 

Weight  of  gas  introdueed 20  do. 

When  the  f[as  whose  specific  mvity  is  to  be  ascertained  acts  chemically  on 
atmospheric  air,  Uie  latter  must  be  withdrawn  as  completely  as  possible  by  re- 
peatea  exhaustions,  filling  it  after  each  with  some  gas  which  is  not  afiected  by 
the  other,  and  then  proceeding  in  the  usual  manner. 

360.  In  operating  with  gases,  it  is  also  necessary  to  attend  to  the  pressure  of 
the  atmosphere  as  indicated  by  the  barometer,  and  the  quantity  of  watery 
vapour  which  they  may  contain.  Formula  have  been  given  for  making  correc- 
tions when  the  barometer  is  not  at  the  point  adopted  as  the  standard  of  compari- 
son, and  for  the  quantity  of  watery  vapour  which  the  gases  may  contain,  fi>r 
which  see  Faraday's  Chem,  Manip.  376,  and  Turner,  48. 

361.  It  may  be  necessary,  to  remark,  that  when  the  specific 
gravity  of.  a  gas  is  ascertained,  and  no  variation  in  the  pressure  of 
the  atmosphere  of  any  consequence  takes  place  in  the  short  space  of 
time  necessary  for  this  purpose,  and  equal  bulks  of  air  and  the  gas 
whose  specific  gravity  is  to  be  found  out  having  been  weighed  in  this 
manner,  precisely  under  the  same  circumstances  with  respect  to 
pressure,  no  corrections  on  this  account  are  required.* 

?62.  Many  operations  upon  the  gases  may  be  performed  in  appa-Tobeamia- 
ratus  formed  partly  or  altogether  of  glass  tube,  for  a  particular  de-  ratiia. 
scription  of  which,  the  precautions  to  be  attended  to  in  taking  specific 
gravities,  and  many  other  details,  the  student  is  referred  to  Faraday's 
Chemical  Manipulation* 

363.  The  experiments  of  Davy  and  Faraday  have  shown  that 
many  substances,  which  had  previously  been  known,  when  uncom- 
bined,  only  as  gases,  may  be  obtained  in  a  liquid  state  by  generating 
them  under  pressure. 

When  thus  compressed,  a  very  moderate  heat  is  sufficient  to  make  Liqoefae- 
them  boil ;  and  on  the  removal  of  pressure  they  re-assume  the  elas-  tion  of 
tic  form,  most  of  them  with  such  violence  as  to  cause  a  report  like  *•*•"' 
an  explosion,  and  others  with  the  appearance  of  brisk  ebullition. 
An  intense  degree  of  cold  is  produced  at  the  same  time,  in  conse- 
quence of  caloric  becoming  latent. 

The  process  for  condensing  the  gases  consists  in  exposing  them  Process, 
to  the  pressure  of  their  own  atmospheres.! 

The  materials  for  producing  them  are  put  into  a  strong  glass  tube  about  eight 
inches  long,  which  is  afterwards  sealed  hermetically ;  then,  being  softened  in  the 
flame  of  a  lamp,  at  about  five  inches  ftom  the  closed  end,  it  is  to  be  bent,  not 
sharply,  but  obtusely  and  roundly,  until  the  two  limbs  make  an  an^Ie  of  about 
130^  or  140^.    The  gas  is  generated,  if  necessary,  by  the  application  of  heat, 

*  Reid's  Elemenia  of  Prod,  Chem,  t  See  Carbonic  Add. 
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Chap.  in.  and  when  the  prewure  becomes  sofficientlj  great,  the  liquid  forms  and  collects  in 
the  free  end  ot  the  tube,  which  is  kept  cool  to  fiicilitate  the  condensation.* 

nwaM^        The  pressure  required  to  liquefy  the  gases  is  very  variable,  as  will 
appear  from  the  following  table  of  results  obtained  by  Faraday : 

Atmomkerea. 
Sulphurous  acid  m   ....        2        at  i5°  F. 


Sulphuretted  hydrogen  gas 

Carbonic  acid  *' 

Chlorine  '« 

Nitrous  oxide  ** 

Cyanogen  ** 

Ammoniacal  ^ 

Myriatic  acid  ^ 


17  «  50° 

36  »»  229 

4  »*  60O 

50  »«  450 

3,6  "  450 

6,5  «'  50O 

40  '*  50^ 


CHAPTER  III. 

INORGANIC    CHEMISTRY. 
Section  I.     Oxygeru 

Symb,  S^.  Or.  Eqidv* 

O  1.1024  air     =1  By  Vol.         60. 

16.00      Hfd.=l  *^  Wgt.         8. 

DiscoTery.  *^*  Oxygen  has  never  been  obtained  in  a  state  of  complete  sepa- 
ration. In  the  state  of  gas,  it  was  discovered  in  1774  by  Priestley, 
who  gave  it  the  name  of  dephlogisticated  air.  It  was  called  Empy- 
real air,  by  Scheele,  and  VitcU  air  by  Gondorcet. 
How  ob-  ^^'  I^  i^^y  ^6  obtained  from  various  substances.  1.  From  the 
uined.  black  or  peroxide  of  manganese,  heated  to  redness  in  a  gun-barrel, 
or  in  an  iron  retort  (Fig.  89) ;  or  from  the  same  oxide<  heated  by  a 
lamp  in  a  retort,  (Fig.  96,  c,)  or  gas  bottle,  (Fig.  87,)  with 
half  its  weight  of  strong  sulpuric  acid.  One  pound  of  manganese  is 
capable  of  furnishing  from  40  to  50  wine  pints  of  gas.  But  as  man* 
ganese  is  often  contaminated  with  a  small  proportion  of  carbonate  of 
lime,  it  is  advisable,  before  using  it,  to  wash  it  with  hydrochloric 
acid  diluted  with  15  or  20  parts  of  water ;  then  with  distilled  water; 
and  afterwards  to  dry  it  at  a  moderate  heat. 

To  understand  the  theory  of  these  processes,  it  is  necessary  to  bear 
in  mind  the  composition  of  the  three  following  oxides  of  manganese  : 

Mcmfiranese.  Oxygen, 

Protoxide        ,        27.7  or  1  equiv.  -f~    ^  •        ='*^  ^ 

Sesquioxide            27  7      .        .      4.  12  =39.7 

Peroxide                 27.7      .        .      -f-  16  =43.7 

On  applying  a  red  heat  to  the  last,  it  parts  with  half  an  equivalent 
of  oxygen,  and  is  converted  into  the  sesquioxide.  Every  43.7  grains 
of  the  peroxide  will,  therefore,  lose,  if  quite  pure,  4  grains  of  oxygen, 
or  nearly  12  cubic  inches ;  and  one  ounce  will  yield  about  128  cubic 
inches  of  gas.  The  action  of  sulphuric  acid  is  difierent.  The  per- 
oxide loses  a  whole  equivalent  of  oxygen,  and  is  converted  into  prot- 
oxide, which  unites  with  the  acid,  forming  a  sulphate  of  the  protoxide 
of  manganese.  Every  43.7  grains  of  peroxide  must  consequently 
yield  8  grains  of  oxygen  and  3d7  of  protoxide,  which  by  uniting 
with  one  equivalent  (40.1)  of  the  acid,  forms  75.8  of  the  sulphate. 
The  first  of  these  processes  is  the  most  convenient  in  practice. 

*  These  experiments  are  daageroas  and  shoold  not  be  ondertakeQ  withoat  attending 
to  the  directions  given  by  Faraday  in  Sect.  xvi.  Chem.  Manip, 
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2.  From  various  other  oxides,  as  will  be  hereafter  mentioned.  s^ct.*- 

3.  From  nitrate  of  potassa  (common  saltpetre)  made  red-hot  in  a 
gun-barrel,  or  in  a  coated  earthen  retort. 

4.  From  the  salt  called  chlorate  of  potassa.     For  this  purpose,  the 

salt  should  be  put  into  a  retort  of  green  glass,  or  of  white  glass  made 

without  lead,  and  be  heated  nearly  to  redness.  It  first  becomes  liquid, 

though  quite  free  from  water,  and  then,  on  increase  of  heat,  is  wholly 

resolved  into  pure  oxygen  gas,  which  escapes  with  eflfervescence, 

and  into  a  white  compound,  called  chloride  of  potassium,  which  is 

left  in  the  retort.     The  composition  of  the  chloric  acid  and  potassa 

which  constitute  the  salt,  is  stated  below ; — 

Chlorine        .       35.42  or  1  eq.  Potasnum       .       39.15  or  ]  eq. 

Oxygen         .        40      or  5  eq.  Oxygen  8      or  1  eq. 

Chloric  acid  75.42  or  1  eq.  Potassa  47.15  or  1  eq. 

Hence  the  oxygen  which  passes  over  from  the  retort,  is  derived 
partly  from  the  potassa  and  partly  from  the  chloric  acid  ;  while  chlo- 
rine and  potassium  enter  into  combination.  Thus  are  122.57  grains 
of  the  chlorate  resolved  into  7457  grains  of  chloride  of  potassium, 
and  48  grains,  or  about  161  cubic  inches,  of  pure  oxygen. 

366.  Oxygen  gas  is  insipid ,  colourless,  and  inodorous.     It  is  so  Properties 
sparingly  absorbed  by  water,  that  when  agitated  in  contact  with  it,  ^^^"^ 
no  perceptible  diminution  takes  place.     100  cubical  inches  at  mean 
temperature  and  pressure,  weigh  34.1872  grains.     It  refracts  the  Effect  of 
rays  of  light  less  than  any  other  gas.     When  suddenly  and  strongly  JfJUf'*'" 
compressed^  heat  is  evolved,  and  a  luminous  appearance  observed 

from  the  combustion  of  the  oil  with  which  the  compressing  tube  is 
lubricated.* 

367.  It  is  a  powerful  supporter  of  respiration  and  combustion.  Svpports 
No  animal  can  live  in  an  atmosphere  which  does  not  contain  a  cer-  "»P*™^**- 
tain  portion  of  uncombined  oxygen  ;  for  an  animal  soon  dies  if  put  Effect  on 
into  a  portion  of  air  from  which  the  oxygen  has  been  previously  re-  "^imals. 
moved  by  a  burning  body.     It  may,  therefore,  be  anticipated  that 
oxygen  is  consumed  during  respiration.     Respiration  and  combus- 
tion have  the  same  effect.     An  animal  cannot  live  in  an  atmosphere 

which  is  unable  to  support  combustion  ;  nor,  in  general,  can  a  can- 
dle bum  in  air  which  contains  too  little  oxygen  for  respiration. 

It  is  singular  that,  though  oxygen  is  necessary  to  respiration,  in  a 
state  of  purity  it  is  deleterious.  When  an  animal  is  supplied  with 
an  atmosphere  of  pure  oxygen  gas,  no  inconvenience  is  at  first  per- 
ceived ;  but  after  the  interval  of  an  hour  or  more,  the  circulation  and 
respiration  become  very  rapid,  and  the  system  in  general  is  highly 
excited.  Symptoms  of  debility  subsequently  ensue,  followed  by 
insensibility :  and  death  occurs  in  six,  ten,  or  twelve  hours.  On 
examination  after  death,  the  blood  is  found  highly  florid  in  every 
part  of  the  body,  and  the  heart  acts  strongly  even  after  the  breathing 
iias  ceased.t 

The  absorption  of  oxygen  gas  by  the  blood,  and  the  change  of 
colour  that  results,  may  oe  shown  by  passing  up  a  little  dark  venous 
blood  into  a  jar  filled  with  the  gas,  or  by  agitating  a  portion  in  a 
phial  filled  with  it. 

*  Thenard.  i  Biooghion. 
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Ail  combustible  bodies  burn  in  oxygen  gas  with  greatly  increased 

splendour. 

A  lighted  wax  taper,  fixed  to  an  iron  wire,  and  planeed  into  a  ret-     Fig*  I18« 
■el  of  this  gas,  burns  with  great  brilliancy.  (Fig.  116.^  If  the  taper  be 
blown  out,  and  let  down  into  a  Yeesel  of  the  j^as  while  the  snuff  re- 
mains red  hot,  it  instantly  rekindles,  with  a  slight  explosion. 

A  red-hot  bit  of  charcoal,  fastened  to  a  copper  wire,  and  immersed 
in  the  gas  throws  ont  beautiful  sparka. 

The  light  of  phosphorus  burning  in  this  gas,  is  exceed- 
ingly bright. 

Let  the  phosphorus  be  placed  in  «  small  hemispherical  tia  cup,  which  may  be 
raised  by  means  of  a  wire  stand,  (Fig.  117,)  two  or  three  inches  above  the  sur- 
face of  water  contained  in  a  broad  shallow  dish.  Fill  a  bell- 
shaped  receiver,  having  an  open  neck  at  the  top,  to  which  a 
stopper  is  ground,  with  oxygen  fras ;  and  as  it  stands  inverted 
in  water,  press  a  circular  piece  or  pasteboard,  rather  exceeding 
the  jar  in  diameter,  over  its  mouth.  Cover  the  phosphorus 
instantly  with  the  jar  of  oxygen  ^,  retaining  the  pasteboard 
in  its  place,  till  the  jar  is  immediately  over  the  cup.  When 
this  has  been  skilfolly  managed,  a  very  small  portion  only  of 
the  gas  will  escape.  The  stopper  may  now  be  removed,  when 
the  water  will  rise  to  the  same  level  within  aa  without  the  jar,  and  the  phospho- 
rus may  be  kindled  by  a  heated  copper  wire.* 

Substitute  ibrthe  phosphorus  a  small  ball  formed  of  turnings  of  zinc,  in  which 
<^ut  <^ain  of  phosphorus  is  to  be  enclosed.    Set  fire  to  the  phoBphonis  as  be>^ 
fore.    The  zinc  wiU  be  inflamed,  and  will  bum  with  a  beautiful  white  light.    A 
Of  zioc  and  similar  experiment  may  be  made  with  metallic  arsenic,  which  may  be  moistened 
oih«f  met-   with  spirit  of  turpentine.    The  filings  of  various  metals  may  also  be  inflamed,  by 
placing  them  in  a  small  cavity,  formed  in  a  piece  of  charcoal,  igniting  the  char- 
coal, and  blowing,  on  the  part  containing  the  metal,  a  stream  of  oxygen  gas  from 
a  bladder,  or  the  gas-holder.  Fig.  102,  d. 

The  combustion  of  iron  or  steel  wire  in  this  gas  is  remarkably  brilliant.  The 
wire  best  suited  for  this  experiment  is  the  fine  j^uitar  wire ;  it  should  be  doubled 
several  times  so  as  to  form  a  bundle,  which  is  easily  done  by  passing  it  round 
two  nails  fixed  in  the  table  about  eighteen  inches  apart,  and  securing  the  banch 
by  loosely  windins  the  last  turn  round  it.  Before  removing  it  from  the  nails,  the 
flame  of  a  spirit  lamp  should  be  alowly  passed  along  the  wire  so  as  Pig,  lie. 
to  give  a  low  red  heat  to  every  inch,  and  thiia  diminish  its  elasticity. 
When  cool,  the  bunch  is  to  be  coiled  round  a  tube  or  rod  of  about 
fths  of  an  inch  in  diameter.  Attach  one  end  to  a  metallic  p]ate,t 
and  to  the  other  fix  a  small  piece  of  cotton  dipped  in  mdted  sulphur. 
A  larce  jar  (Fig.  118)  having  been  filled  with  the  gas,  remove  the 
stopple,  light  the  sulphur,  and  introduce  the  coil.t  The  iren  will 
burn  with  a  most  brilliant  light,  throwing  out  a  number  of  sparks, 
which  fall  to  the  bottom ;  if  a  bottle  is  used  the  bottom  is  liable  to  be 
broken,  this  accident,  however,  may  frequently  be  prevented  by 


Exp. 


als, 


Of  Iron. 


the  bottom, 
oxygen  gas, 


Exp. 

Oxygon  di 
miniahes 


Ewnngsand  into  the  bottle,  so  as  to  lie  about  half  an  inch  deep  on 
y  directing  the  flame  of  a  spirit  lamp,  by  means  of  a  current  of  oxysen  gas, 
upon  a  small  ball  of  lime,  the  most  intense  light  is  produced.    An  apparatus  for 
tois  purpose  ^^^^^^  <J«fcribed  by  Drummond  in  £<itii  Jow.  of  Sa.  v.  319,S 

!-__._ ^^  ^  substance  to  be    hereafter   described, 
gas,  immediately  flashes  like  inflamed  gun- 


little  of  Homberg*s  pyrophorua 
when  poured  into  a  bottle  mil  <of  this , 
powder.    H.  1.  208. 


durinirram  :.  ^^x'  ^.^^}^S  ©Very  combustiou  in  oxygen  gas  it  suffers  a  consi- 
bustiw.      derable  diminution.il     The  fact  may  be  shown  by  the  combustion  of 

*For  Uare*s  apparatos  see  his  Cmnpendium,  p.  1 03. 

t  The  wire  should  never  be  suspended  from  a  cork,  as  it  may  take  fire. 

t  Watch  springs,  partially  deprived  of  their  elasticity  in  the  same  way,  may  be  used. 

Tv_*  J*VSi  *i***!  ■"**  heat  of  an  Ar^aod  lamp  sapplied  with  oxygeo,  as  contrived  bv 
l>r  C.  T.  Jacksoo,  are  intense.    See  plate  seooad.    ^'  .       '  -  l 

ij  To  exhibit  this,  experimentally,  in  a  maooer  pe'rfectfy  free  from  all  soarces  of  er- 
ror, woQld  require  sach  ao  apparatus  as  few  beside  adepu  io  chemistry  an  likely  to 

P****^*  .  ^2S  *P1»»*««  required  lor  this  purpose,  is  described  in  the  6th  chapter  of 
Lavoisier's  ^femente.  r    «-     i  r 
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phosphorus,  in  the  manner  which  has  been  already  described.    The     Sacui. 
first  efiect  of  the  combustion  will  be  a  depression  of  water  within  the 
jar ;  but  when  the  combustion  has  ceased,  and  the  vessel  has  cooled, 
a  considerable  absorption  will  be  found  to  have  ensued.* 

In  this  process  a  white  dense  vapour  is  produced,  which  condenses 
on  the  inner  surface  of  the  jar  in  solid  flakes.  This  substance  has 
strongly  acid  properties ;  and,  being  formed  by  the  union  of  oxygen 
with  phosphorus,  is  termed  the  phosphoric  acid.  In  the  instance  of 
charcoal,  though  that  substance  undergoes  combustion,  no  absorption 
ensues  ;  because,  as  will  appear  in  the  sequel,  the  product  is  a  gas, 
occupying  exactly  the  same  bulk  as  the  oxygen  gas  submitted  to  ex- 
periment. 

369.  The  phenomena  of  combustion  were  referred  by  Stahl  and  stahl's  idea 
his  associates,  to  a  peculiar  principle  which  they  called  phlogiston;  of  combos- 
it  was  supposed  to  exist  in  all  combustibles,  and  combustion  was  said  ^^'        • 
to  depend  upon  its  separation  ;  but  this  explanation  was  absurdly  at 
variance  with  the  well  known  fact,  that  bodies  during  combustion 
increase  in  weight. 

370.  All  bodies,  by  combustion  in  oxygen  gas,  acquire  an  addi-  Bodies  io- 
tion  to  their  weight ;  and  the  increase  is  in  proportion  to  the  quantity  c'«««  « 
of  gas  absorbed,  viz.  about  one  third  of  a  grain  for  every  cubic  inch  ^*'* 
of  gas. — To  prove  this  by  experiment,  requires  a  complicated  appa- 
ratus.    But  sufficient  evidences  of  this  fact  may  be  obtained  by  the 
following  very  simple  experiment. 

Fill  the  bowl  of  a  common  tobacco  pipe,  with  iron  wire  coiled  spirally,  and  of  g^p^ 
known  weight ;  let  the  end  of  the  pipe  be  slipped  into  a  brass  tube,  which  is 
screwed  to  a  bladder  filled  with  oxygen  iras :  heat  the  bowl  of  the  pipe,  and  its 
contents,  to  redness  in  the  fire,  and  then  force  through  it  a  stream  or  oxygen  gas 
from  the  bladder.  The  iron  wire  will  burn ;  will  be  rapidly  oxidized ;  and  will 
be  found,  when  weighed,  to  be  considerably  heayier  than  before.  When  com- 
pletely (Kudized  in  this  mode,  100  parts  of  iron  wire  gain  an  addition  of  about  30. 

371.  After  the  discovery  of  oxygen  gas,  it  was  adopted  by  Lavoi-  Theory  of 
sier  as  the  universal  supporter  of  combustion.     The  basis  of  the  gas  I-*^"">«'» 
was  supposed  to  unite  to  the  combustible,  and  the  heat  and  light 
which   it  before  contained  in  the  gaseous  state,  were  said  to  be 
evolved  in  the  form  of  flame.     But  in  this  case,  several  requisites  are  Insuffi- 
not  fulfilled  ;  the  light  depends  upon  the  combustible,  and  not  upon^^'^^ 
the  quantity  of  oxygen  consumed ;  and  there  are  very  numerous  in- 
stances of  combustion,  in  which  oxygen,  instead  of  being  solidified, 
becomes  gaseous  during  the  operation  ;  and,  lastly,  in  others,  no 
oxygen  whatever  is  present.     Combustion,  therefore,  cannot  be 
regarded  as  dependent  upon  any  peculiar  principle  or  form  of  matter. 

Berzelius,  in  adopting  the  electro-chemical  theory,  regards  the  Berzelins' 
heat  of  combination  as  an  electrical  phenomenon,  believing  it  to^i^^' 
arise  from  the  oppositely  electrical  substances  neutralizing  one  ano- 
ther, in  the  same  manner  as  the  electric  equilibrium  is  restored  during 
the  discharge  of  a  Leyden  jar.  There  are,  indeed,  strong  grounds 
for  believing  that  electrical  action  is  an  essential  part  of  every  che- 
mical change,  and  it  is  probable  that  the  heat  developed  during  the 
latter  may  be  due  to  the  former  ;  but  this  part  of  science  is  as  yet 
too  imperfect  for  indicating  the  precise  mode  by  which  the  efleci  is 

*  Those  persons  who  are  possessed  of  a  mercurial  apparatus  may  repeat  this  expe- 
riment in  a  less  ezorotionable  manaer,  at  described  in  Henry's  ChimMtry^  i.  tio. 
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ohap  ni.  produced.    The  heat  emitted  during  combustioD  varies  with  the  na- 
ture of  the  material.*     T.  isr. 
Prodacti.        372.  The  substances,  capable  of  uniting  with  oxygen,  afford  acids 
and  oxides. 

373.  The  name  oxygen,  from  of^s  acid,  and  YSFvAm  I  gentrate, 
was  proposed  by  Lavoisier,  from  the  supposition  thst  it  was  the  sole 
OzTMo  Dot  ^*^5®  °^  acidity.     But  oxygen  is  not  essential  to  the  acidity  of  a 
essential  to  compound,  for  some  bodies  are  rendered  acid  by  union  with  chlorine, 
acidity,      others  by  hydrogen  ;   and  the   theory  of  Lavoisier  which  consid- 
ered oxygen  as  the  essential  principle  of  acidity^  can  no  longer  be 
received  as  correct 

In  many  instances,  a  combustible  body,  which  affords  an  acid 
when  united  with  a  certain  quantity  of  oxygen,  gives  an  oxide  when 
combined  with  a  less  quantity ;  and  the  acid  may  be  brought  back  to 
the  state  of  an  oxide  by  separating  part  of  its  olygen.     Some  of  the 
metals  also,  combined  witn  a  small  proportion  of  oxygen,  give  ox- 
ides capable  of  uniting  with  acids  and  of  composing  saltSi  and  agaia 
united  with  more  oxygen  yield  an  acid  which  is  susceptible,  with 
oxides,  of  forming  saline  compounds. 
AetioDof       374.  When  acids,  containing  much  oxygen,  are  poured  on  sub- 
u^ingox-  stances  that  have  a  great  affinity  for  this  element,  as  metals  and 
ygen.         some  inflammable  bodies,  oxygen  is  rapidly  taken  from  them.    The 
combination  with  the  liberated  oxygen  is,  in  some  caseS)  so  rapid, 
as  to  give  rise  to  combustion  ;  as  when  nitric  acid  is  poured  upon 
spirits  of  turpentine)  or  phosphorus.     See  nitric  acid, 
Ozidatioa  ^     375.  Mercury  is  speedily  oxidized  by  the  same  acid,  and  also  if 
of  meremy.  boiled  in  sulphuric  acid.     In  both  cases,  however,  the  oxide  formed 
by  the  decomposition  of  one  portion  of  the  acid  unites  with  another 
portion  that  has  not  been  decomposed,  and  the  resulting  products  are 
a  nitrate  and  a  sulphate  of  the  oxide  of  mercury; 
0eoiida-        *^7^  When  oxygen  is  to  be  removed  from  any  substance  which 
tioD.  does  not  part  with  it  on  exposure  to  heat,  the  substance  is  often 

mixed  with  charcoal,  which,  at  a  high  temperature,  has  a  much 
greater  affinity  for  otygen  than  most  other  substances.  It  is  in  this 
manner  that  most  of  the  common  metallic  oxides  are  deoxidized,  and 
their  bases  procured  in  a  metallic  form ;  the  carbon  combining  with 
the  oxygen  and  passing  off  in  the  form  of  carbonic  acid  gas.   p. 
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^co'wy*  377.  This  gas  was  formerly  termed  iTgftammaUe  edr^  from 
its  combustibility,  and  phlogiston,  from  the  supposition  that  it 
was  the  matter  of  heat ;  but  the  name  hydrogen,  from  "ddoQ  water ^ 
and  ysvvs^v  to  generate,  has  now  become  general.  Its  nature  and 
leading  properties  were  first  pointed  out  in  the  year  1766  by  Caven- 
dish, t 

The  most  simple  form  in  which  it  has  hitherto  been  obtained,  is 
in  that  of  a  gas.  Of  its  nature  we  know  but  little,  but  as  it  has  not  yet 

*  Sm  Daltoa*8  Chem.  Philm,  II.  109.  t  Phil.  Tram,  Ifi.  144. 
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been  resolved  into  any  more  simple  ferm,  ix  is  still  arranged  among   stct-ir. 
elementary  bodies. 

378.  To  procure  hydrogen  gas,  let  sulphuric  acid,  previously  di-M«ibodof 
luted  with  five  or  six  times  its  weight  of  water,  be  poured  on  iron  E5di!Ji^J 
filing,  or  on  small  iron  nails  i  or  {what  is  still  better)  pour  sulphuric  gu. 
acid  diluted  with  eight  parts  of  water,  on  zinc,  granulated  by  pour- 
ing it  melted  into  cold  water,  and  contained  in  a  gas  bottle,  Figs.  86, 

87,  or  small  retort.  An  effervescence  will  ensue,  and  the  escaping  goa 
may  be  collected  in  the  usual  manner  over  water. 

379.  An  iageuious  apparatus  for  obtaining  it  instantaneously  in  a  InllBDiim- 
laboralory,  was  contrived  by  Gay-Lussac.  ^^^ 

It  coniuti  of  ■  three  nscked  glsn  battle,  (Fi^.  119,)  ooe  of 
whose  openingB  liu  a  stopper,  from  whicb  ii  gUBpended  a 
BDbII  cjrlinder  of  zinc  a.  To  tha  oppoiile  uperlurs  »  filed 
a  bent  biaw  Ribc  tlimiBhed  with  a  stop-cock,  on  which  ma; 
he  screwed  either  a  amall  jet  for  burning  the  gai,  or  a  tube  to 
OODducI  it  whereiei  it  loaj  ba  lequiiBd.  The  upper  Tenel  it 
of  sliH,  and  ground  to  fit  the  middle  Deck,  ita  pipe  reaching 
within  a  am^  diitance  of  the  bottom  of  the  bottle.  To  uae 
the  apparalua,  the  lower  lewel  is  filled  with  lulphuric  acid 
properlj  diluted,  aud  the  zioc  cylinder  la  then  introduced,  the 
■topper  being  closed  Id  which  it  ia  affixed,  nnd  (he  cover  of 
the  upper  veasel  removed.  The  gas  whichiagenerBleddrrTel 
the  diluted  acid  into  the  apper  veaael,  and  the  further  produc- 
tion of  it  ceases,  when  the  zinc  ia  completely  uncovered.  We 
have  then  Che  botlJe  filled  wilb  gaa ;  and  can  at  any  lime  aipel  it  b;  opening 
the  cocU,  and  allowing  the  atmo^here  to  pre**  on  the  aurftce  of  the  liquid  in 
the  globular  vessel, 

A  more  convenient  modiGcatJODoflhiaapparataa  hsa  been  contrived  bj*  Hare  g,|f,nn|. 
(Fig.  1^.)    It  consists  of  two  vesaels,  one   withinihe  Flf.  lao.  Iiimsn- 

dther,  the  inner  one  having  no  bottom  ia  furnished 
with  a  etop-cock  at  (be  upper  part,  A  piece  of  zinc  ia 
suapended  in  the  inner  Teaseli  acid  and  water,  previ- 
ouslj  cooled,  being  poured  into  (he  apace  between 
the  (wo  reaeels,  (^ihe  stop-cock  being  open,)  will  expel 
the  air  and  riee  m  the  inner  Teasel ;  coming  in  con- 
tact  with  the  zinc,  hydrogen  will  be  aiven  oif.  The 
gas  should  be  allowed  to  escape  unlirall  the  air  baa 
been  expelled  from  the  inner  vessel.  The  atap^ock 
being  now  closed,  the  hjdroeeo  will  acoUDinlate  in 
the  inner  veMat,  preas  apoa  the  acid  aad  water,  and 
fbn:e  i(  into  the  apace  be(ween  the  two  veaaels. 
Tbia  will  go  on  until  the  zinc  ia  no  longer  in  contact 
irilh  the  liquid.  The  ioner  vessel  will  be  a  reaerroir 
of  hydrogen,    from    which    any    desired    quantity    can 

be  drawn  on  opening  the  slop-cock,  A  straight  pipe,  or  flexible  tube,  beiag 
screwed  upon  the  stop-cock,  the  gaa  may  be  conveyed  into  any  other 
piece  of  appantus.  As  the  gas  paaaea  out,  the  acid  and  water  rise  in  the 
toner  vassal,  and  again  come  in  contact  with  the  zinc,  and  more  hydn^n  it 
obtained. 

330,  Hydrogen  gas,  ihns  obtained,  is  not,  however,  to  be  consi-  Impart  ■■ 
dered  as  absolutely  pure.* 

*  The  1^  may  be  partially  pnrified  bypassing  it  through  laolulion  of  pore  potaaaa, 
or  ohtained  purer  by  osiog  diatilted  line.  In  order  lo  purify  Ihe  ziuc,  Thomson  ei- 
poaes  it  lo  a  while  beat  m  a  stone  ware  relort,  luted  lo  a  reislver  aesily  filled  with 
water.    At  thii  temperature,  Ihe  liuc  is  subhineij  and  freed  fron  all  its  impuritiM, 


distilled 
aandslona,  upon 
pieces,     '**    "■- 


is  melted  iu  a  crucible  and  poured  upon  Ihe  surface  of  a  clean  amootb 
i,u|>onwhicb  it  forma  a  thin  sheet  whicb  eaa  be  easily  bmksn  into  aatall 
T.  F^nt  Prill.  1,  n. 
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381.  Hydrogen  is  an  aeriform  fluid,  bat  very  slightly  absorbable 

by  water.     It  has  no  taste,  and  may  be  respired  for  a  short  time, 

though  it  is  fatal  to  small  animals.     As  usually  prepared,  it  has  a 

disagreeable  odour,  but  when  pure  has  none.* 

It  may  be  breathed  a  few  times  with  safety,  and  if  the  experimenter  speak 
immtdiotdy  on  removing  his  lips  At>m  the  mouth-piece  of  the  bag  or  bladder,  a 
Remarkable  change  in  the  voice  is  perceived. 

382.  It  is  the  lightest  body  known,  and  is  therefore  conveniently 
assumed  as  unity  in  speaking  of  the  specific  gravity  of  gases,  as  well 
as  in  referring  to  the  proportions  in  which  bodies  combine.  100  cu- 
bic inches  weigh  2.1367  grains.     It  is  16  times  lighter  than  oxygen. 

383.  The  levity  of  hydrogen  may  be  proved  by  experiment. 

Let  a  jar  filled  with  this  gas  stand,  for  a  few  seconds,  with  its  open  mouth  up- 
wards.   On  letting  down  a  candle,  tne  gas  will  be  found  to  have  escaped. 

Place  another  jar  of  the  ^  inverted,  or  with  its  mouth  downwards.  The  gas 
will  now  be  found  to  remain  a  short  time  in  the  jar,  being  prevented  firom  escap- 
ing upwards  by  the  bottom  and  sides  of  the  vessel. 

384.  Hydrogen,  in  consequence  of  its  extreme  lightness,  is  em- 
ployed for  filling  air-balloons. 

Fill  with  hydrogen  cas,  a  bladder  fur- 
nished with  a  stop-cock,  (Fig.  121  \)  and 
adapt  to  this  a  common  tobacco  pipe.  Dip 
the  Dowl  of  the  pipe  into  a  lather  of  soap, 
and,  turning  the  cock,  blow  up  the  lather 
into  bubbles ;  instead  of  falling  to  the 
ground  like  those  commonly  blown  by 
children,  they  will  rise  rapidly  into  the 
air. 

The  experiment  may  be  varied  by  filling  the  bladder  with  a  mixture  of  two 
parts  of  hydrogen  gas  and  one  of  oxygen  gas.  Bubbles,  blown  with  this  mixture, 
take  firo  on  the  approach  of  a  lighted  candle,  and  detonate  with  a  loud  report. 
It  is  proper,  however,  not  to  set  them  on  fire  till  they  are  completely  detached 
from  the  bowl  of  the  pipe. 

3S5.  Hydrogen  is  inflammable,  and  when  pure  burns  with  a  lam- 
bent blue  flame  at  the  surface  in  contact  with  the  air. 

Fill  a  small  jar  with  the  gas,  and,  holding  it  with  the  mouth  downwards,  bring 
the  |ras  into  contact  with  the  flame  of  a  candle. 

Fill  with  this  ^as  a  bladder  which  is  furnished  with  a  stop-co^k,  and  with  a 
small  pipe,  of  diameter  less  than  that  of  a  common  tobacco  pipe.  Press  the  air 
out  through  the  pipe,  and  on  presentinff  a  lighted  candle,  the  stream  will  take  fire, 
and  continue  to  Dum  with  a  pale  and  feeble  flame. 

386.  Hydrogen  gas  does  not  support  combustion.  ^'  '■*" 

Remove  a  jar,  filled  with  the  gas,  from  the  shelf  of  the  pneumatic 
trough,  upon  a  plate ;  bring  it  near  a  lighted  candle,  and  expedi- 
tiously removing  the  plate,  cover  the  candle  ;  it  will  be  extinguished. 
At  first  there  will  be  a  slight  explosion,  firom  the  gas  at  the  mouth 
of  the  jar  mixing  with  atmosphenc  air. 

Suspend  a  long  tube  or  jar  (Fig.  122),  with  its  mouth  downward, 
containing  hydrogen  gas ;  remove  the  stopple  and  introduce  a  ligh^ 
ed  taper  attached  to  a  long  wire.  The  flame  of  the  taper  may  be 
extinguished  and  relighted  many  times,  as  the  taper  is  passed  up 
into  the  gas,  or  brought  down  slowly  through  the  portion  ouming  at 
the  mouth  of  the  jar.  Care  should  obviously  be  taken,  that  water 
does  not  remain  about  the  mouth  of  the  jar. 


*  l^erzelias  has  shown  thai  the  m  eeoerated  from  iron  filings  and  di- 
late sulphuric  acid,  loses  its  odonr  by  Eeing  passed  through  pure  alcohol, 
and  when  the  alcohol  is  dilated  with  water  and  is  kept  a  few  days,  an 
odorous  volatile  oil  is  separated,  which  caosed  the  smell  of  the  gas. 
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Peftoni  who  ate  providad  midi  the  ]m  nprevented  Fig.  94,  a,  may  scraw  to     Bm.  n. 
the  cock  a  bnn  pipe  with  a  small  aperture.    On  preHipg  the  jar,  filled  with  hj-  7; 
drogan  gai,  into  the  water,  and  opening  the  cock,  the  gai  will  be  forced  out  in  ■  ^f- 
■Iream,  which  dibj  be  set  on  fire.    On  this  principle  are  tbunded  the  utificiil 
fireworks  without  imell  or  smoka.    They  coDiiat  of  pipe*,  having  TOriouslj 
■izect  apertures,  some  of  which  have  a  mluy  motion. 

Or  the  gas  rosy  be  condensed,  by  ineuii  of  a  ayrings,  into  a  stronc  copper  globe 
fiimisfaed  with  a  glop-cock,  to  which,  on  removing  the  syriage,  a  bran  tube  can 
be  Krewed,  and  ■  variety  orjeta  and  revolving  buraan  be  attached. 

387.  It  has  been  found  by  Dolbereiner,  thai  when  a  Btream  of  hy-  Doebardn- 
drogea  is  directed  upon  spongy  platinum,  the  platinum  aoon  becomea  "'•  ^T' 
red  hoi,  and  the  hydrogen  is  inflamed.* 

This  discovery  has  led  to  various  modJGcationi  of  the  io-  tit  133. 

flammable  air  lamp.  A  very  convenient  and  ornamen- 
tal form  of  which  is  represeated  in  Fig.  123.  Il  is  com- 
poeed  of  two  glass  vessels  fitted  to  each  other  by  grinding,  as 
■a  the  apparatus  of  Gay  Lusuc.  The  lube  a,  of  the  upper 
veiwl,  is  encompassed  by  a  cylinder  of  zinc,  which  is  sup- 
ported by  a  ring  of  cork  on  the  lower  part  of  the  tube.  The 
platinum  sponge  is  contained  in  a  amall  braes  box  b,  allached 
to  a  brass  wire  pnning  through  a  collar  of  leather  and  which 
can  be  placed  at  any  distance  from  the  jet  c.  When  a  light  / 
u  required  (he  cock  4  ii  turned,  and  the  pressure  of  Ifaa  acid  ^ 

Ijquor  in  Ihn  upper  veaset  expels  the  hydrogen,  as  ic  '' 

ptjatus  already  deacrihed.f 

3^  ir  mixed  with  common  air,  hydrogen  bams  rapidly  with  de-  Deionatat 
tonalion.  *''''  '''■ 

Into  a  strong  phial,  capable  of  holding  about  6  ounces  of  water  introduce  one 
partoT  hydrogen  and  three  parts  of  common  air.  On  applying  a  lighted  candle 
or  a  red  bot  wire,  the  miitore  will  explode. 

This  experiment  mar  be  performed  hy  means  of  an  apparatus  called  the  In-  ingamma- 
flammable  air  pistol.  (Fig.  tS4.)  This  instrument  consists  of  fI|.  IIM.  bleairpis- 

D  cylinder  of  bnss,  aboulthree  fourlhsof  an inchtndiametar,  1  1 

and  six  inches  long,  in  the  form  of  ■  small  cannon  or  pistol-    ^ 

bairel,  properly  mounted,  and  having  a  wire  a 
through  a  tube  of  ivory,  b,  and  not  quite  touching  th 
of  the  cylinder,  at  the  part  usually  occupied  by  (t 

bole;  an  electric  spark  communicated  to  this  wireinBameathe  mixture  of  hydro- 
gen and  atmonhenc  air  in  its  interior.     It  may  be  charged,  by  holding  it  for  a 
moroenl  over  the  open  jet  of  the  instrument  (Fig.  119),  I ' 
there  is  a  due  admixture  of  atmospheric  air,  otherwise  thi 

■aflame  it. 

389.     ir  Ihe  experiment  be  repeated  with  oxygen  gas  instead  ofpi 
ftlmospherical  air;  changing  the  proportions,  and  mixing  only  one  •"'""I* 
part  of  the  oxygen  gns  with  two  ot  hydrogen,  the  report  wili  be  con-  *•" 
fiiderably  louder.     The  bottle  should  be  a  sirnng  one,  and  should  be 
wrapped  round  with  cloth,  to  prevent  accident. 

Ilmnybe  exploded  by  igniting  a  fine  platinum  Tig,  ISS. 

wire  within  a  strong  glass  vessel  (Fig.  125,  t); 
Ihe  wire  may  be  an  inch  in  length,  and  connected 

with  two  stout  copper  wiresno  passing  in  at  the  ^^ 

■idee  through  a  cork  :  the  copper  wires  should  '^^^^ 

be  attached  to  the  vices  of  a  small  calorimotor  e.  (       }  I 

The  acid  liquor  being  contained  in  a  glass  or  \  /  {  a 

other  suitable  vessel  3,  ii  to  be  raised  up  suffi-  L|    ^ 

eiently  to  have  the  plalea  immersed.    See  Ool-  ..EeL 


»nnon  or  pistol-  Z^ 

wire   «,  passing  "* "         *>      \ 

:hins  the  Interior  }    I 

d  by  (he  touch-  C^ 


y  he  prepared  froi 


■  A  convenieDl  lindei  may  he  prepared 

piece  of  coKnu  cloth,  dipped  iu  the  loluli _ 

which  the  sponge  is  obuiacd,  fsia  Platiavm,)   and  i„. „_.„>.. ,  ..  — Jlce  as  n 

dily  as  the  plaunum  sponge ;  the  spongs  and  tinder  sbonld  be  perfectly  dry.    W. 

tSas  ib«  sabJKl  ol  Budiometry. 
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A  bladder,  filled  with  hydrofen  and  oxjgen,  may  be  exploded  with  aafety 
'  by  suapending  it  from  the  ceiling,  and  piercing  it  with  a  sharp  wire  at  the 
end  of  a  long  sticky  with  a  tittle  tow  about  it,  dipped  in  spirits  of  turpentine  and 
burning.  ) 

390.  The  same  experiment  may  be  made  over  water,  by  means  of 
the  electric  spark. 

Procure  a  strong  tube,  about  three  quarters  of  an  inch  in  diame- 
ter, and  }2  inches  long,  closed  at  one  end.  (Fig.  126  )  About  a 
quarter  or  half  an  inch  from  the  sealed  end,  let  two  small  holes  ^ 
be  drilled,  opposite  to  each  other,  ^and  into  each  of  these  let  a 
brass  conductor  be  cemented,  so  that  the  two  points  may  be  dis* 
tant  from  each  other,  within  the  tube,  about  one  eighth  of  an 
inch.  An  apparatus,  serving  the  same  purpose,  and  much  more 
easily  constructed,  may  be  formed  by  hermetically  sealing  a  piece 
of  brass  wire,  or  still  better,  platinum  wire,  into  the  end  of  a  glass 
tube.  With  this  conductor,  an  interrupted  circuit  ma?  be  formed 
by  introducing  into  the  tube  a  longer  wire,  one  end  of  which  ter- 
minates one  tenth  of  an  inch  from  the  upper  one,  while  the  other 
ezteuds  beyond  the  aperture  of  the  tube.  (See  Fig.  127,  c.)  Into 
this  tube,  standing  over  water,  pass  about  half  a  cubic  inch  of  a 
mixture  of  hvdrogen  and  oxygen  gB^s ;  in  the  ^ 

proportion  of  two  measures  or  the  former  to  one  v  ' 

of  the  latter.    Hold  the  tube  firmly,  and  pass  an  ^^^^^ 

electric  spark  through  the  mixed  ^es.    Fw  re-  /l^^^^ 

lieving  the  shock,  which  is  sometimes  considers* 
ble  on  firing,  an  ingenious  contrivance  of  Davy 
may  be  eroploved.*  The  first  effect  of  the  com- 
bustion  is  a  sudden  and  considerable  enlargement 
of  volume,  which,  from  some  experiments  (3*  Davy  ^ 
probably  smounts  to  15  times  the  original  bulk 
of  the  mixture.  After  this  the  gases,  if  per- 
fectly pure  and  in  the  proper  proportion,  will 
be  found  to  have  disappearea  entirely.  H.  1.  235.    d^ 

391.  The  power  of  flame  and  electricity,  in  causing  a  mixture  of 
hydrogen  with  air  or  oxygen  gas  to  explode,  is  limited ;  flame  occa- 
sions a  very  feeble  explosion  when  the  hydrogen  is  mixed  with  nine 
times  its  bulk  of  air ;  and  a  mixture  of  four  measures  of  hydrogen 
with  one  of  air  does  not  explode  at  all.  An  explosive  mixture,  form- 
ed of  two  measures  of  hydrogen  and  one  of  oxygen  gas,  explodes 
from  all  the  causes  above  enumerated.  Biot  found  that  sudden  and 
violent  compression  likewise  causes  an  explosion,  apparently  from 
the  heat  emitted  during  the  operation ;  for  an  equal  degree  of  con- 
densation, slowly  produced,  has  not  the  same  eflect.  The  electric 
spark  ceases  to  cause  detonation,  when  the  explosive  mixture  is  di- 
luted with  twelve  times  its  volume  of  air,  fourteen  of  oxygen,  or  nine 
of  hydrogen  ;  or  when  it  is  expanded  to  sixteen  times  its  bulk  by  di- 
minished pressure.  Spongy  platinum  acts  just  as  rapidly  as  flame 
or  the  electric  spark  in  producing  explosion,  provided  the  gases  are 
quite  pure  and  mixed  in  the  exact  ratio  of  two  to  one.t  Fara- 
day finds  that  platinum  foil,  if  perfectly  clean,  produces  gradual 
though  rather  rapid  combination  of  the  gases,  often  followed  by  ex- 
plosion.! 

■  -  ■  I        H  .  I  ■■■■II.  11 

*  PhU.  Mag,  xxxi.  3. 

t  For  a  variety  of  facts  respecting  the  causes  which  prevent  the  action  of  flame,  elec- 
tricity, and  plaiioum  in  producing  detonation,  the  reader  may  consult  the  essay  of 
Grotthas  in  the  Ann.  de  Chimie  vol.  Ixxxii. ;  Davy's  work  on  Plame;  Henry's  essay 
in  the  Phil.  TVans.  for  1824  ]  and  a  paper  by  Tamer  in  the  Edm,  Pfiilot.  Jovar,  for 
the  same  year. 

tPhU.  TroM.  1834. 
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392.  When  the  action  of  heat,  the  electric  spark,  and  spongy  plali-    »«tvn. 


num  no  longer  causes  explosion,  a  silent  and  gradual  combinaiion  be-  Slow  com- 
tween  the  gases  may  still  be  occasioned  by  them.  Davy  observed  that  binatiwL 
oxygen  and  hydrogen  gases  unite  slowly  with  one  another,  when 
they  are  exposed  to  a  temperature  above  the  boiling  point  of  mercury, 
and  below  that  at  which  glass  begins  to  appear  iummous  in  the  dark. 
An  explosive  mixture,  dilated  with  air  to  too  great  a  degree  to  ex- 
plode  by  electricity,  is  made  to  unite  silently  by  a  succession  of 
electric  spatks.  Spongy  platinum  causes  them  to  unite  slowly 
though  mixed  with  one  hundred  times  their  bulk  of  oxygen  gas.  T.i«o. 

393.  A  current  of  hydrogen  may  be  inflamed  when  issuing  from  aHdsieal 
small  aperture,  and  if  a  tube  of  eighteen  or  twenty  inches  in  lenffth  {JJ?*^^" 
be  held  over  the  flame,  a  peculiar  musical  tone  is  produced.     This  combustion 
effect  is  not  peculiar  to  hydrogen,  but  is  produced  by  a  variety  of  of  hydro- 
other  flames^  and  is  referable  to  the  succession  of  explosions  pro- **"" 
duced  by'  the  combustion  of  the  gas  in  the  tube. 

394  The  tendency  which  gaseous  fluids  have  to  become  com-  f*^^^^^ 
pletely  mixed  under  all  circumstances,  and  as  it  were  to  penetrate  teadency  to 
each  other,  is  well  illustrated  where  hydrogen  is  employed.     Thus,  mix  to- 
if  two  small  phials,  the  one  containing  oxygen  and  the  other  hydro-  8«u»«' 
gen,  be  connected  perpendicularly  by  a  long  glass  tube,  of  small  bore, 
it  will  be  found,  that  although  th^  hydrogen  be  uppermost,  and  much 
lighter  than  the  oxygen^  it  will,  in  the  course  of  a  few  hours,  have 
perfectly  mixed  with  the  oxygen,  and  the  gases  will  be  found  in 
equal  proportions  in  both  phials.    Dalton  has  shown  that  gases,  un- 
like other  fluids,  do  not  remain  upon  each  other  without  admixture*^ 

395.  The  flame  of  hydrogen  is  occasionally  employed  for  exciting  Han's 
intense  heat ;  and  it  has  been  found  when  mixed  with  oxygen  and  blow-pipe. 
burned  as  the  mixture  issues  from  a  small  jet,  to  excite  a  tempera- 
ture nearly  equal  to  that  of  the  arc  of  flame  in  the  Voltaic  circuit. 
A  blow-pipe  upon  this  construction  was  first  made  by  Hare : 

It  consists  of  a  cylindrical  vessel  of  tin,  rFig.  128,  a,)  Fig.  19S. 

or  what  is  preferable  copper,  divided  in  tne  middle  by 
two  partitions,  so  as  to  torm  two  distinct  reservoirs,  one 
for  oxygen  and  the  other  for  hydrogen.  Into  the  lower 
part  of  each  reservoir,  a  tube  6,  is  inserted  somewhat 
obliquely,  as  in  the  common  gas-holder.  Above  the 
reservoirs  is  a  conical  tin  funnelc,  furnished  with  a  stop- 
cock and  connected  with  a  tube  which  immediately  be- 
low divides  into  two,  one  passing  to  each  reservoir.  A 
tube  passes  .out  from  each  reservoir,  meeting  in  a 
cone  a  (a  section  of  which  is  represented  at  e).  The 
nses  are  thus  mingled  and  are  then  made  to  issue 
Uirough  a  capillary  tube  drilled  through  a  wire  of  silver 
and  insertedmto  the  cone.t  The  lower  tubes  being  closed, 
th«  apparatus  is  fillod  with  water,  and  the  gases  introduc- 
ed, as  m  the  usual  method  of  filling  a  gas-holder.  The  re- 


^Maneheater  Menunrtf  vol.  i.  New  Series. 

t  The  arrangement^  consisting  of  two  separate  reservoirs  for  the  gases,  is  perfectly  safe 
and  conveniiMit :  the  jet  may  be  formed  or  two  concentric  cones.  In  1824 1  devised  a  jet, 
whieh  was  made  for  me  by  Newman  of  London,  te  whom  I  sent  a  drawing  and  de- 
scription. It  is  the  only  jet  I  have  been  in  the  habit  of  osing  since  that  time,  and  it 
has  proved,  as  anticipated,  perfectly  safe.    It  consists  "'—  "^ 

of  two  concentric  tubes  of  nrass  (Fig.  129),  each  ter- 
minated by  platinum,  a  space  being  left  between  the 
two.  By  one  stop-cock,  opening  into  the  space,  and 
another  mto  the  cavity  of  the  inner  tube,  the  two  gases 


Fig.  IS9. 
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Chap.  in.  iervoiM  being  filled,  the  lower  tubes  are  doaed.  and  water  poured  into  the  fiinnel 
—  on  opening  the  stop-cocks  the  gases  are  propelled  through  the  jet.  When  sub- 
stances are  td  be  exposed  to  the  action  of  this  instrument,  the  stop-cock  connect- 
ed with  the  reservoir  of  hydrogen  should  be  first  opened  and  the  gas  may  be 
inflamed  ',  the  other  stop-cock  is  then  gradually  opened,  and  the  oxygen  mixing 
with  the  hydrogen,  an  intensely  high  temperature  is  obtained. 

With  this  instrumeat  Hare  and  Silliman  first  effected  the  fusion  of 
some  of  the  most  refractory  substances  in  nature.^ 
Brooke's         396.  The  blow-pipe  invented  by  Brooke  depends  for  its  action  on 
blow-pipe,  jjjg  elasticity  of  compressed  air^  and  consiste  of  a  strong  copper  box 
(Fig.  130),  into  which  several  atmospheres  Fig.  130. 

are  crowded  by  means  of  a  condensing  sy- 
ringe. Various  expedients  haye  been 
adopted  to  render  this  a  safe  substitute  for 
the  oxy-hydrogen  blow-pipe  of  Hare.  It 
may  be  done  by  interposing  between  the 
flame  and  the  main  reservoir  of  gases^  a 
cylinder  containing  a  little  water  or  oil, 
through  which  by  means  of  a  valve  at  the 
bottom,  the  gases  are  allowed  to  pass. 
The  safety  of  the  instrument  is  increased 
by  the  safety  tube,  lately  proposed  by  Hem- 
ming. 

It  consists  of  a  brass  cylinder,  about  six  inches 
HemmiDg's  1^^-^  ^^  ^^^  fourths  of  an  inch  wide,  filled 
safety  tube.  ^j^J  ^^^^  gjj^  ^^^^  ^^^^  j^  i^ngtj,  ^^\  to  that 

of  the  tube.    A  pointed  rod  of  metal,  one  eighth 

of  an  inch  thick,  is  then  forcibly  inserted  through 

the  centre  of  the  bundle  of  wires  in  the  tube,  so  as 

to  wedge  them  tightly  together.    The  interstices 

between  the  wires  thus  constitute  very  fine  metallic  tubes,  the  conducting  power 

of  which  is  so  great  as  entirely  to  intercept  the  passage  of  fiame.t  t 

Bumstm-  ^^'^'  '^^®  flame  produced  by  the  oxy-hydrogen  blow-pipe  continues 
der water,  to  burn  when  submersed  in,  and  in  actual  contact  with,  water,  with 
the  same  splendour  as  in  the  atmosphere  ;  the  only  difference  being 
that  under  water  its  figure  is  conglobated,  whereas  in  air  it  assumes 
that  of  a  long,  slender,  conical  pencil.  Care  is  required  to  introduce 
the  flame  slowly  into  the  water.  A  piece  of  pine  wood  or  cork  when 
brought  within  the  action  of  the  submerged  flaitie  gives  out  a  bril- 
liant light. 
• 

are  conveyed  along  the  jet  without  mingling  until  they  arrive  at  the  orifice  where  they 
are  burned.  Either  gas  maybenuule  to  surround  the  other  at  pleasure  merely  by 
changing  the  connexion  with  the  reservoirs  In  tbe  PfUL  Mag:  ii.  third  series,  DanieU 
has  described  a  similar  jet.  I  was  not  aware  until  these  pages  were  passing  through 
the  press  that  a  jet  of  similar  construction  had  been  early  employed  by  Hare.    W. 

*  Amer,  Jour,  qf  Sd.  vol.  ii.  p.  281,  &c.    t  Phil,  Mag,  third  series,  i.  82. 

t  In  some  recent  experiments  with  mixtures  of  the  gases,  contained  in  bladders  at> 
tached  to  the  extremities  of  this  tube,  I  have  found  it  impossible  to  explode  hath  by 
firing  one,  and  have  been  led  to  attach  it  to  a  large  globe  ot  copper  in  which  tbe  gases 
are  condensed,  and  with  a  simple  jet  at  the  other  extremity,  use  tbe  apparatus  with 
perfect  safety.    W. 
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Hydrogen  dnd  Oxygen.    Protoxide  of  Hydrogen^  Water.  StuiL 

Composition* 

Symb.  H+O  or  H,  By  Wghi.  By  Vol. 

sometimes  aq.  hj4.  oxr-        S40IT.     ujd.      oxy. 

from  aqua.  1  or  1  eq.  4. 8  or  1  e^.  =9       100         90 

398.  Hydrogen  and  Oxygen^  Water, — When  two  volumes  of  hy- 
drogen gas  are  mixed  with  one  volume  of  oxygen  gas,  and  the  mix-  Unioo  with 
lure  inflamed  in  a  proper  apparatus  by  th^  electric  spark,  the  gases  ojWn8*<i 
totally  disappear,  and  the  interior  of  the  vessel  i^  covered  with  drops  ^JJfj^J^ 
of  pure  water,  equal  in  weight  tq  thfit  of  the  g^ses  consumed. 

399.  If  pure  water  be  exposed  to  the  action  of  Voltaic  electricity, 

it  is  resolved  into  two  volqmes  of  hydrogen,  find  one  volume  of  oxy-  Decomposi- 
gen,  so  that  water  is  thus  proved  by  synthesis  and  analysis,  to  conation  of  wa- 
^ist  of  two  volumes  of  hydrogen  combined  with  one  volume  pfJ^^J'^" 
oxygen. 

400.  Cavendish  demonstrated  the  composition  of  \yater  by  burning 
pxygen  ^nd  hydrogen  gases  in  i^  dry  glass  vessel ;  when  a  quantity  ^  ^^^^ 
of  pure  water  was  generated,  exactly  equal  in  weight  to  that  of  the  bustionf 
gases  which  hi^d  disappeared.  This  experiment,  which  is  the  syn- 
thetic proof  of  the  composjUon  of  water,  was  afterwards  made  on  f^ 
much  larger  scale  in  raris  by  Vaiiquelin,  Fourcroy,  and  Seguin. 
l#avoisier  first  deiponstrated  its  pature  analytically . 

The  composition  of  water  by  weight  was  determined  with  great 
care  by  Berzelius  and  Dulong;  and  their  result  is  regarded  as  a  ^ 
nearer  approximation  to  the  truth  than  that  of  any  of  their  predeces-  tion  Cy  ' 
sors.    They  state,  as  a  mean  of  three  careful  experiments,f  that  V^\sh^ 
100  pafts  of  pure  water  consist  of  11.1  of  hydrogen  and  88.9  oxy- 
gen, which  is  the  ratio  of  1  to  8.009,  very  nearly  that  of  1  to  8  abovo 
stated. 

401.  The  processes  for  procuring  hydrogen  gas  will  now  be  intelli- 
gible.   The  first  is  the  r^ethod  by  which  Lavoisier  made  the  analysis 

of  water.  It  is  founded  on  the  fact,  that  iron  at  a  red  heat  decomposes  ^^^^^ 
water,  the  oxygen  of  that  liquid  uniting  with  the  metal,  and  the  hy:pf  hydro- 
drogen  gas  lieing  set  free.     The  hydrogen  which  is  evolved  whei}^°- 
zinc  or  iron  i9  put  into  dilute  sulphuric  acid  must  be  derived  from 
the  same  source.     The  product  of  the  operation,  besides  hydrogen, 
is  sulphate  of  the  protoxide  of  iron,  if  iron  is  used,  or  of  the  oxide  of 
zinc,  when  zinc  is  employed.     The  knowledge  of  the  combining  pro- 
portions of  these  substances  will  give  the  exact  quantity  of  each  pro- 
duct   These  numbers  are- 
Water  (8  oxy  4. 1  byd.      .....        9 

Sulphuric  acid 40.1 

Iron  28 

Protoxide  of  iron  (28  iron  +  8  oxygen)  .  36 

Sulphate  ofthe  protoxide  of  iron  (40.1+36)  76.1 

Hence  for  every  9  grains  of  water  which  are  decomposed,  1  grain  of 
hydrogen  will  be  set  free ;  8  grains  of  oxygen  will  unite  with  28 
grains  of  iron,  forming  36  of  the  protoxide  of  iron ;  and  the  36  grains 
of  protoxide  will  combine  with  40.1  grains  of  sulphuric  acid,  yielding 
76.1  of  sulphate  of  the  protoxide  of  iron.  A  similar  calculation  may 
be  employed  when  zinc  is  used,  merely  by  substituting  the  equiva- 

*  Ann.  de  Chim,  d  de  Phyt.  toL  xt. 
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ctap.  m.  lent  of  zinc  (32.3)  for  that  of  iron.  According  to  Cavendish,  an 
ounce  of  zinc  yields  676  cubic  Inches,  and  an  equal  quantity  of  iron 
782  cubic  inches  of  hydrogen  gas. 

402.  The  action  of  dilute  sulphuric  acid  on  metallic  zincafibrds  an 
instance  of  what  was  once  called  Disposing  Affinity,  Zinc  decom- 
poses pure  water  at  common  temperatures  witli  extreme  slowness ; 
but  as  soon  as  sulphuric  acid  is  added,  decomposition  of  the  water 
takes  place  rapidly,  though  the  acid  merely  unites  with  oxide  of  zinc. 
The  former  explanation  was,  that  the  affinity  of  the  acid  for  oxide  of 
zinc  disposed  the  metal  to  unite  with  oxygen,  and  thus  enabled  it  to 
decompose  water ;  that  is,  the  oxide  of  zinc  was  supposed  to  produce 
an  effect  previous  to  its  existence.  The  obscurity  of  this  explanation 
arises  from  regarding  changes  as  consecutive,  which  are  in  reality 
simultaneous.  There  is,  as  it  were,  but  one  chemical  change,  which 
consists  in  the  combination  at  one  and  the  same  moment  of  zinc  with 
oxygen,  and  of  oxide  of  zinc  with  the  acid  ;  and  this  change  occurs  be- 
cause these  two  affinities,  acting  together,  overcome  the  attraction  of 
oxygen  and  hydrogen  for  one  another.     T. 

403.  The  experiments  illustrating  the  composition  of  water  may 
be  divided  into  synthetic  and  analytic.  Among  these  the  following 
may  be  selected. 

Burn  a  current  of  hydrogen  under     Fig.  199. 


Exp. 


Boms  with 
ozyBengai 
aDaformt 
water, 


The  mix- 
tore  ex- 
plodes. 

Exp. 


Exp. 


the  funnel  a,  (Fig.  131),  by  uniting 
with  the  oxygen  of  the  atmosphere  it 
will  produce  aqueous  vapour,  which 
passing  into  the  glass  cylinder  6,  will 
condense  in  drops. 

Fi(|.  132  represents  an  apparatus  for 
showing  the  production  of  water  by 
burning  a  current  of  hydrogen  in  an  at- 
mosphere  of  oxygen,    a  is  a  glass  cyl- 
,       ^      ,  inder,  which,  alter  having  been  exhaust- 

ed upon  an  air-pump,  b  filled  with  pure  oxygen.  6  is  a  receiver  of 
hydrogen  immersed  in  the  vessel  of  water  e,  by  which  the  gas  is 
compressed,  so  as  to  be  urged  through  the  capillary  opening/,  when 
the  stop-cocks  d  d  are  open,  e  is  a  platinum  wire  by  which  the  gas 
may  be  inflamed  by  an  electric  spark.  It  burns  with  the  production 
of  intense  heat,  and  water  is  soon  collected  in  drops  upon  the  inte> 
rior  of  the  cylinder. 

If  two  measures  of  pure  hydrogen  be  mixed  with  one  of  pure  oxy- 
gen, and  detonated  in  the  graduated  glass  tube  a,  (Fig.  106),  stand- 
ing over  water,  by  an  electric  soark  passed  through  thenlatinum  wires 
Fig.  133.  **»  the  gases  will  entirely  disappear.  Ir  there  be  anv 
excera  of  either  of  the  gases,  the  portion  in  excess  will 


Waters 
compound 
of  tlM  bases 
of  the 
gases. 


remain  unconsumed. 


The  same  experiment  may  be  thus  varied :  Fig.  133  vL  Z^ 
is  a  very  strong  glass  vessel,  capable  of  holding  abbuf -half  a  pint 
and  furnished  (besides  the  proper  contrivance  at  top  for  taking  the 
electric  spark  in  itj  with  a  brass  cap  and  cock,  by  means  of  which  it 
can  be  screwed  to  the  transfer  plate  of  an  air  pump.  When  exhaust- 
ed, it  may  be  filled  with  a  mixture  of  oxygen  and  hydrogen  gases, 
m  the  proportion  of  one  measure  of  the  former  to  two  of  the  latter, 
and  an  electric  spark  may  be  passed  through  the  mixture.  After  the 
explosion,  when  time  has  been  given  to  the  vessel  to  cool,  a  sensible 
ouantity  of  moisture  will  have  condensed  on  the  inner  surface  of 
the  vessel,  and  by  repeating  the  operation  frequently,  a  sufficient 
quantity  of  fluid  may  be  collected  to  show  that  water  is  the  only 
product. 

404.  The  water  produced  in  this  mode,  is  not,  however, 
to  be  considered  as  a  compound  of  the  two  gases,  but 
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only  of  their  bases,  for  the  light  and  caloric,  which  constitute  the  Sect-  n/ 
gases,  escape,  in  considerable  part  during  the  combustion.  Every 
gas,  it  must  be  remembered,  has  at  least  two  ingredients  ;  the  one, 
gravitating  matter,  which,  if  separated,  would  probably  exist  in  a 
solid  or  liquid  form  ;  the  other,  an  extremely  subtile  fluid,  termed 
caloric  and  perhaps  electricity  and  light.  The  compound,  water,  is 
therefore  said  to  be  composed  of  hydrogen  and  oxygen,  the  bases  of 
the  gases,  and  not  of  the  hydrogen  and  oxygen  gases. 

405.  Water  may  be  decomposed  or  resolved  into  its  elements  by  Analysis  of 
a  variety  of  processes,  the  most  important  of  which  are  the  fol-  ^'■**'» 
lowing : 

Fig.  134,0,18  a  glass  retort,  ^'S-  ^-^-  ^  By  iron, 

into  which  is  introduced  a 
f^ven  weight  of  water ;  6  &,  a 
small  furnace  through  which  «^f 
passes  the  earthen,  or  iron, 
tube  c  c,  which  terminates  in 
the  spiral  pewter  tube  d  d, 
immersed  in  water.  A  given 
weight  of  pure  iron  coiled  up, 
is  introduced  into  the  tube  e, 
and  the  whole  made  red«hot ; 

the  water  in  a  is  then  made  to  boil,  and  the  vapour,  on  coming  into  contact  with 
the  red  hot  iron,  is  in  part  decomposed ;  the  oxygen  is  retained  by  the  iron,  and 
the  hydrogen  escaping  through  the  tube  /,  may  be  collected  as  usual.  Any  un- 
decomposed  portion  of  water  is  condensed  in  the  worm  pipe  <f,  and  drops  into 
the  vessel  s. 

After  this  experiment  the  iron  will  be  found  to  have  increased  in 
weight;  and  if  attention  be  paid  to  the  quantity  of  water  which  has 
collected  in  e,  and  to  the  weight  of  the  hydrogen  gas  evolved,  it  will 
be  found  that  the  weight  gained  by  the  iron,  added  to  that  of  the  hy- 
drogen, will  be  equal  to  the  weight  of  the  water  which  has  disap- 
peared. 

406.  The  processes,  by  which  the  elementary  parts  of  water  are 
separated  from  each  other,  and  are  both  obtained  in  an  aeriform 
state,  as  a  mixture  of  hydrogen  and  oxygen  gases,  are  dependent  on 
the  agency  of  electricity. 

The  first  of  these  experiments  requires  for  its  performance  the  aid  Byelectri- 
of  a  powerful  electrical  machine.  This  fact  was  the  discovery  of  n  city, 
society  of  Dutch  chemists  ;  and  the  principal  circumstance  in  the  ex- 
periment, is  the  transmission  of  electrical  shocks  through  a  confined 
portion  of  water.  If  these  shocks  be  sufficiently  strong,  bubbles  of 
air  will  be  formed  at  each  explosion,  and  the  niixed  gases  being  ex- 
ploded, the  water  will  rise  again  in  the  tube,  a  very  small  quantity 
of  gas  remaining.  In  this  experiment  we  may  safely  infer,  that  the 
erolved  hydrogen  and  oxygen  gases  arise  from  decomposed  water. 

407.  The  decomposition  of  water  by  galvanic  electricity  is  a  pro-  By  voltaic 


cess  singularly  adapted  to  demonstrate  the  fact  in 
a  simple  and  elegant  manner,  since  it  exhibits  both 
the  oxygen  and  hydrogen  in  the  gaseous  form. 

Fig  135  represents  a  section  of  an  apparatus  for  this  pur- 
pose. It  is  a  glass  vessel  containing  water,  having  two  wires 
of  platinum  passina  through  its  bottom :  over  these  are  insert- 
ed  the  tubes,  also  filled  with  water.  The  wires  are  connected 
with  a  moderately  |>owerful  Voltaic  apparatus.  Oxygen  is 
evolved  at  the  positive  wire,  and  hydrogen  at  the  negative 
wire,  which  gases  rise  into  the  tubes,  and  it  is  seen  that  one 
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Chap,  in.  volume  ef  oxygen,  o,  and  two  volumes  of  hydrogen,  h,  are  the  constant  results. 
"^  If  these  gases  be  mixed  and  detonated,  pure  water  is  again  formed. 

By  living        408.  Another  mode  of  effecting  the  decomposition  of  water,  is  by 
vegeubies.  the  action  of  living  vegetables,  either  entire  or  by  means  of  their 
leaves  only. 

Fill  a  clear  glass  globe  with  water,  and  put  into  it  a  number  of  green  leaves 
from  almost  any  tree  or  plant.  A  sprir  or  two  of  mint  will  answ^  the  purpose 
perfectly  well.  Invert  tne  glass,  or  place  it,  with  its  mouth  downwards,  m  a 
vessel  of  water.  Expose  the  whole  apparatus  to  the  direct  light  of  the  sun, 
which  will  then  fall  on  the  leaves  surrounded  by  water.  Bubbles  of  air  will  soon 
begin  to  form  on  the  leaves,  and  will  increase  m  size,  till  at  last  they  rise  to  the 
top  of  the  vessel.  This  process  may  be  carried  on  as  long  as  the  vegetable  con- 
tinues healthy ;  and  the  gas,  when  examined,  will  prove  to  be  oxygen  gas. 

In  this  experiment,  the  hydrogen  combines  with  the  plant  to  the 
nourishment  and  support  of  which  it  contributes,  while  the  oxygen  is 
set  at  liberty.     H.  i.  26a. 

409.  Water,  in  its  ordinary  states  such  as  spring  and  river  water» 
is  always  so  far  contaminated  with  foreign  substances  as  to  be  unfit 
for  any  chemical  purposes,  and  frequently  as  will  be  more  fully 
shown  hereafter,  even  for  domestic  use.  Rain  water  is  much  more 
pure,  but  it  always  contains  a  portion  of  carbonic  acid  and  of  the 
elements  of  atmospheric  air,  besides  appreciable  traces  of  vegetable 
or  animal  matter;^  to  the  latter  it  oiVes  its  property  of  becoitiing  pu» 
trid  when  kept.  The  distinction  of  water  into  hard  and  soft  has 
reference  to  its  less  or  greater  purity.  The  impurities  of  water  are 
partially  separated  by  distillation.! 

410.  Distilled  Water,  as  commonly  prepared,  always  affords  mi-» 
nute  traces  of  foreign  matter,  especially  when  subjected  to  Voltaic 
decomposition,  and  can  only  be  considered  as  perfectly  pure  when 
re*distilled  at  a  low  temperature  in  silver  ressels. 

411.  Pure  water  is  transparent,  and  without  either  colour^  taste  or 
smell.  In  consequence  of  the  facility  of  obtaining  it  pure,  it  is  as* 
sumed  it's  a  standard  to  which  the  relative  weight  of  all  other  bodies 

Standard  of  "'^'y,  ^  compared,  its  specific  gravity  being  called  2=  1,000,  and 
specific      henice  the  importance,  of  estimating  its  weight  with  precision.     At 
gniitj,      the  temperature  of  62°  F.,  barom.  30,  a  cubic  inch  of  distilled  water 
Weighs  252.458  grains.^ 


Properties. 


Fig.  138. 


*  The  existence  of  organic  matter  in  atmospheric  water,  has  been  ascribed  by  Eh- 
renberg  to  the  ova  of  a  particular  class  of  infasoria,  and  to  them  the  presence  of  tb^ 
substance  termed  pyrrhine.  There  is  evidence 
also  of  the  presence  of  salts  and  of  acids.  Sbe 
Daabeny's  Hepori  on  Wate^,  in  Vol.  v.  oiRepvrU 
^Brit.  Assoc 

tThis  process  is  vsoally  condncted  upon  the 
large  scale  in  a  copper  boiler,  (Fig.  186,)  placed  ei- 
ther  in  a  portable  nimace,  or  set  m  brickwork,  ac- 
cording to  its  dimensions,  to  which  is  annexed  a 
head  b.  of  the  same  material,  orof  pewter,  connect- 
ed with  a  spiral  tube  or  worm,  which  is  immersed 
in  the  worm-tab,  or  refri^rator  d,  its  lower  end 
passing  out.  The  water  in  the  worm-tub  must  al- 
ways be  retained  of  a  low  temperature  to  effect  the 
condensation  of  the  vapoar  in  the  spiral  tabs. 

t  According  to  the  parliamentary  standard  of  Great  Britain,  the  pint  of  water  con- 
sists of  8760  grains  of  water  at  63^  F.  barometer  at  30  inches,  and  the  cubic  inch  of 
252,468  grains.  The  gallon  contains  277,274  cubic  inches,  or  70,800  grains  of  distilled 
water }  the  pint  34,66925  indies,  or  8750  graina. 
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412.  At  the  tempeiataiB  of  SQ**  water  congeals  into  ice,  which,  if    Stcuu. 
slowly  formed,  produces  needles  crossing  each  other  at  angles  of  60°  loe. 
and  120°.     The  specific  gravity  of  ice  is  0,94.     Exposed  to  the 
air,  ice  loses  considerably  in  weight  by  evaporation. 

413^  Water  is  susceptible  of  compression)  as  was  originally  shown  Comprani- 
by  Canton,  and  more  lately  by  Perkins,  who  has  estimated,  in  an  ble. 
ingenious  series  of  experiments,  the  rate  of  its  compression.^  If 
submitted  to  very  sudden  compression,  water  becomes  luminous,  as 
has  been  shown  by  Desaignes.t  According  to  Desprctz  the  com*> 
pression  of  water  by  a  force  equal  to  20  atmospheres,  causes  the 
evolution  of  ^th  part  of  a  degree  of  heat. 

414  Water  enters^  into  combination  with  a  variety  of  substances,  State  of 
and  is  retained  with  various  degrees  of  fotce.     Sometimes  it  is  con-  ^^  ***" 
tained  in  a  variable  ratio,  as  in  ordinary  solution  $  in  other  com-       * 
pounds  it  is  present  in  a  fixed  definite  proportion,  as  in  its  union 
with  several  of  the  acids,  the  alkalies,  and  all  salts  that  contain  water 
of  crystallization.     These  combinations  have  been  termed  hydrates.    Hydrates. 

415.  Water,  which  has  been  exposed  to  the  atmosphere,  always  Water con- 
contains  a  portion  of  air,  as  may  be  proved  by  boiling  it,  or  by  ex-  taina  air. 
posing  it  under  the  exhausted  receiver  of  the  air-pump.     To  sepa- 
rate the  air,  the  water  must  be  boiled  for  about  two  nours.  It  absorbs 
oxygen  gas  in  preference  to  atmospheric  air  or  nitrogen,  and  when 

the  air  is  expelled  by  boiling,  the  last  portions  contain  more  oxygen 
than  those  first  given  ofi*.l 

416.  Every  gas  is  absorbed  by  water,  whith  has  been  deprived  of  Absorption 
all  or  the  greatest  part  of  its  air  bv  long  boiling.     The  quantity,  ^^su^  ^7 
ho\^everi  which  water  is  capable  or  absorbing,  varies  considerably  ^"*®'- 
with  respect  to  the  difTerent  gases.     Those  gases,  of  which  only  a 

small  proportion  is  absorbed,  require  violent  and  long  continued  agi- 
tation in  contact  with  water.  H.  1.253.  In  the  common  process  of 
manufacturing  soda-water  a  large  quantity  of  carbonic  acid  gas  is 
absorbed  by  the  water^  and  an  additional  portion  is  mechanically 
united  with  it  by  powerful  compression.^ 
I  .ill  11  .  «    1 1       I ..  I . 

*  Phil.  Trana.  1820.  t  "I^henard,  TraiU  de  C/dmie,  u  432. 

t  Humboldt  and  Gay-Lassac,  Jour,  de  Phys.  ISOS. 

S  The  following  table  fVom  Henry's  Chemistry  shbws  tbe  absorbability  of  different 
gases  by  water  deprived  of  all  its  air  by  ebnllition. 
too  cnbic  inches  of  sach  water,  at  the  mean  temperature  and  pressure,  absorb  of 


Daltc 

n  and  Henrr. 
100     cubic 

Suiamirt. 

Sulphuretted  hydrogen 

inches 

b 

263 

Carbonic  acid     - 

100         " 

(1 

. 

166 

Nitrous  oxide    - 

100         " 

Cf       , 

ti 

76 

Olefiant  gas 

12,5      " 

*'    .. 

* 

15,3 

Oxygen 

3,7      « 

(( 

. 

6,6 

Carbonic  oxide  - 

1,66    « 

"     . 

m 

6,2 

Nitrogen    - 

1,66    « 

IC        . 

- 

4,1 

Hydrogen 

1,66    " 

If 

- 

4.« 

The  estimate  of  Saussure  is  in  general  too  high.    That  of  Dalton  and  Henry  for  ni- 
trons oxide  is  considerably  beyond  the  truth,  according  to  the  experiments  of  Davy.  T. 
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Binoxide  or  Peroxide  of  Hydrogen. 
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Chem,  Symb,     Hyd.  Oxy.  Equlv.   Hyd.       Oxy. 

H-|-20,ori^        1  or  1  eq.-{.16or2eq.  =  17        100         100 

DiftooTered  by  Thenardt  in  the  year  1818. 

There  are  two  03ddes  of  barium ;  when  the  peroxide  of  that 
metal  is  pat  into  a  dilute  acid,  oxygen  gas  is  set  at  liberty,  and  the 
peroxide  is  converted  into  protoxide  of  barium  or  baryta,  which  com- 
bines with  the  acid.  The  oxygen  which  is  set  free,  unites  with  the 
hydrogen  of  the  water,  and  brings  it  to  a  maximum  of  oxidation.* 

417.  The  peroxide  of  hydrogen  is  a  colourless  transparent  liquid 
without  odour.  It  acts  as  a  caustic  upon  the  skin,  thickens  the  sali- 
va, and  tastes  like  certain  metallic  solutions.  It  destroys  the  colour 
of  litmus  and  turmeric  paper.  It  continues  liquid  at  all  degrees  of 
cold  to  which  it  has  hitherto  been  exposed. 

At  the  temperature  of  59°  F.  it  is  decomposed,  being  converted 
into  water  and  oxygen  gas.  It  effervesces  from  the  escape  of  oxy- 
gen at  59°  F.  and  the  sudden  application  of  a  higher  temperature, 
as  of  212°  F.  gives  rise  to  such  a  rapid  evolution  of  gas  as  to  cause 
Action  of  an  explosion.  All  the  metals  except  iron,  tin,  antimony  and  telluri- 
um, have  a  tendency  to  decompose  it,  converting  it  into  oxygen  and 
water ;  especially  when  the  metals  have  been  previously  reduced  to 
a  state  of  minute  division.  The  metals  which  have  a  strong  affinity 
for  oxygen  are  at  the  same  time  oxidized. 

418.  It  has  been  employed  to  remove  the  black  spots  that  paint- 
ings acquire  from  the  conversion  of  carbonate  of  lead  into  sulpnuret. 
It  converts  the  black  sulphuret  into  white  sulphate  of  lead. 
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419.  This  was  first  recognised  as  a  distinct  aeriform  fluid  by 
Rutherford,  in  1772.  It  may  be  obtained  by  heating  phosphorus  in 
a  confined  portion  of  dry  air,  which  consists  of  nitrogen  and  oxygen ; 
the  phosphorus  absorbs  the  latter,  and  the  former  gas  remains. 

Phosphorus  is  placed  in  a  small  metallic  cup,  supported  on  Ff|>  137. 

a  stand  on  the  shelf  of  the  pneumatic  trough,  ana  covered 
with  a  bell  glass  the  moment  the  phosphorus  is  kindled. 
Eicht  or  ten  grains  of  phosphorus  may  be  taken  for  every 
100  cubic  inches  of  air ;  and  the  cup  containing  the  phos- 
phorus must  be  raised  to  a  proper  height,  as  the  water  rises 
afterwards  in  the  jar  to  supply  the  place  of  the  oxygen  re- 
moved ;  after  repeated  wasning  witn  a  solution  of  potassa, 

it  may  be  considered  as  pure.    Or  by  inverting  a  jar  full  of 

common  air  oyer  a  mixture  of  e<}ual  weights  of  iron  filings  and  sulphur  made 
into  a  paste  with  water.    But  this  process  requires  much  time. 

A  quicker  process  consists  in  filling  a  bottle,  about  one  fourth,  with  a  solution 
of  binoxide  or  nitrogen,  in  liquid  protosulphate  of  iron,  or  with  liquid  sulphur- 


^^ 


*  From  the  complicated  nature  of  the  process  it  is  not  likely  to  be  the  subject  of 
experiment  with  the  bennner.  For  details  consult  the  original  memoir  of  Tnenard 
Ann.  de  Chim.  el  de  Fnyt-  vol.  viii.  iz.  x. }  Ann,  of  PhUoi,  vol.  xiii.  and  xif  •  >  The- 
nard's  TraiU  de  Chim.  and  Turner's  Elem.  163. 
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et  of  calcium,  and  agitatinc  it  with  the  air,  which  fills  the  rest  of  the  hottle.  Sect.  III. 
During  the  agitation,  the  thumb  must  be  firmly  placed  over  the  mouth  of  the 
bottle ;  and,  when  remoyed,  the  mouth  of  the  bottle  must  be  immersed  in  a  cup 
fiill  of  the  same  sdlution,^  which  will  supply  the  place  of  the  absorbed  air.  The 
agitation  and  admissioa  of  Jfluid  must  be  renewed,  alternately,  aa  long  aa  any 
absorption  takes  place. 

Nitrogen  mixed  with  carbonic  acid,  may  be  procured  from  the  other  pro- 
lean  part  of  flesh  meat,  which  may  be  put  into  a  gas  bottle,  along  cesses. 
with  very  dilute  nitric  acid.    By  a  heat  of  about  100'^,  the  gas  is 
disengaged,  and  may  be  collected  over  water.     Its  source  is  the  ani- 
mal siibstance."^ 

420.  One  of  the  easiest  methods  of  preparing  nitrogen,  is  to  pass  a  cunent  of 
chlorine  gas  through  liquid  ammonia ;  the  ammonia  is  decomposed,  hydrochlor- 
ic acid  is  formed  m)m  the  union  of  the  chlorine  and  the  hydrogen  of  the  am- 
monia, and  its  nitrogen  liberated.  The  arrangement  of  the  apparatus  is  shown 
in  the  cut  annexed.!    Emmett  has  described  another  process,  which  consists  in 

Fig.  138. 


fndng  nitrate  of  ammonia  in  a  retort  with  firagments  of  zinc.  The  metal  de- 
composes the  nitric  acid  of  the  salt,  and  nitroeen  and  ammonia  are  given  off; 
when  collected  over  water,  the  latter  gas  is  absorbed.  The  emission  of  the  gas 
can  be  regulated  by  using  a  small  cylinder  of  zinc  attached  to  a  rod  passing 
through  the  tubulure  of  the  retort,  which  can  be  raised  or  depressed  into  the 
fused  8alt.t 

421.  This  gas  is  fatal  to  animal  life  and  was,  on  this  account, 
named  by  Lavoisier  Azote  or  Azotic  gas,  derived  from  the  Greek 
privative  a  and  ^(W,  life.  This  being  but  a  negative  property,  the 
term  nitrogen  has  been  substituted,  because  one  of  the  most  impor- 
tant properties  of  its  base  is,  that  by  union  with  oxygen,  it  composes 
nitric  acid.  It  is  not  inflammable ;  and  a  lighted  taper  is  extin- 
guished by  it.  Even  phosphorus  in  a  state  of  active  inflamma- 
tion is  instantly  extinguished  by  it. 

422.  When  mixed  with  pure  oxygen  gas,  in  the  proportion  of  four 
parts  .to  one  of  the  latter,  it  composes  a  mixture  resembling  atmos- 
pheric air  in  all  its  properties,  and  in  which  a  taper  will  burn. 
One  hundred  cubic  inches  weigh  30.1650  grains.    T. 

423.  That  nitrogen  is  not  an  element,  but  itself  a  compound,  has 
been  long  suspected,  and  various  attempts  have  been  made  to  dis- 
cover its  ingredients.  Berzelius  has  inferred  that  nitrogen  is  com- 
pounded of  oxygen  and  an  unknown  base.  This  base,  however,  is 
purely  hypothetical ;  and  has  never  yet  been  exhibited  in  a  separate 
state.     Berzelius  has  proposed  for  it  the  name  of  nitricum, 

424.  Nitrogen  and  oxygen. — When  nitrogen  and  oxygen  gases 

*  It  appears  from  the  remarks  of  Daubeoy,  that  nitrogen  gas  is  siTen  off  from  many 
thermal  springs.— Report  on  mineral  and  thermal  waters  in  vol.  v.  of  Bq).  Brit. 
Ammoc.  89. 

t  Johnson's  report  in  Rep.  Brit.  Auoc  1331-2.  465. 

X  Roy.  Inttit.  Jour.  1 .  3S4. 
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Q^pHL  are  mingled  togeihett  no  combination  ensues.  The  result  is  a  sim«) 
pie  mixture  of  the  two  gases,  which  do  not,  like  inelastic  fluids, 
separate  on  standing,  but  remain  diffused  through  each  other  for  an 
indefinite  length  of  time.  When,  however,  either  one  or  both  of 
these  elements  is  in  a  condensed  state,  they  unite  and  form  com- 
pounds, distinguished  by  very  striking  properties.  According  to  the 
proportions  in  which  the  oxygen  and  nitrogen  exist  in  these  com<^ 
pounds,  their  qualities  undergo  a  remarkable  variation  ;  so  that  from 
two  elementary  bodies,  variously  united,  we  have  several  compounds, 
totally  unlike  each  other  in  external  qualities,  as  well  as  in  their 
chemical  relations. 

425.  Nitrogen  and  oxygen  are  the  two  most  important  constitu-? 
ents  of  the  atmosphere  ;  the  thin,  transparent  and  elastic  fluid  whicl^ 
surrounds  our  planet. 

426.  The  atmosphere  reaches  to  a  considerable  height,  probably 
about  45  miles.*  It  may  be  diminished  in  volume  to  a  great  extent 
by  compression. 

That  air  is  a  ponderous  body,  was  first  suspected  by  Galileo, 
who  found  that  a  copper  ball,  in  which  the  air  had  been  condensed, 
weighed  heavier  than  when  the  air  was  in  its  ordinary  state  of  ten« 
sion.     The  fact  was  afterwards  demonstrated  by  Toncelli. 

In  1643,  he  filled  a  glass  tube,  three  feet  long,  and  closed  at  one 
end  with  quicksilver,  and  inverted  it  in  a  basin  of  the  same  fluid  ; 
he  found  that  the  mercury  fell  about  six  inches,  so  that  the  atmos* 
phere  appeared  capable  of  counterbalancing  a  column  of  mercury 
30  inches  in  height.  The  empty  space,  in  the  upper  part  of  the 
tube,  has  hence  been  called  the  Torricellu^n  vacuum^  and  is  the 
most  perfect  that  can  be  formed. 

Paschal  and  Toricelli  afterwards  observed,  that  upon  ascending  a 
mountain,  the  quicksilver  fell  in  the  tube,  because  there  was  less  air 
above  to  press  upon  the  surface  of  the  metal  in  the  basin ;  and  thus 
a  method  of  measuring  the  heights  of  mountains  by  the  barometer^ 
as  the  instrument  is  now  called,  was  devised. 

427.  The  barometer  indicates,  by  its  rise  and  fall,  a  corresponding 
change  in  the  density  of  the  atmosphere.t  At  the  surface  of  the 
earth,  the  mean  density  or  pressure  is  considered  equal  to  the  sup« 
port  of  a  column  of  quicksilver  30  inches  high.t 

*  See  WoUuton  **<mthe  Finite  Extent  of  the  Atmosphere^^^Bott.  Jour.  I.  16. 

t  From  causes  at  preseot  not  understood,  the  pressure  Taries  at  the  same  place. 
On  this  depend  the  indications  of  the  barometer  as  a  weather-glass ;  the  weather  it 
commonly  fair  and  calm  when  the  barometer  is  high,  and  nsuallr  wet  and  stormy 
when  the  mercury  falls. 

Inckea. 
t  At  1000  feet  abore  the  surface  the  coloma  falls  to  S8,91 
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428.  The  general  mechanical  properties  of  the  air  are  best  illu8«  sect  iil 
trated  by  the  airptanp,*  the  construction  of  which  much  resembles  Air-pump. 
that  of  the  common  pump  used  for  raising  water,  excepting  that  ail 

the  parts  are  more  accurately  and  nicely  made,  the  object  being  to 
exhaust  the  air  as  completely  and  expeditiously  as  possible.! 

429.  The  specific  gravity  of  atmospheric  air,  at  mean  temper-  Specific 
ature  and  pressure,  that  is,  the  thermometer  being  at  60°,  and  the  *«^i^T« 
barometer  at  30  inches,  is,  usually  considered  as  =  1.     It  is  about 

815  times  as  light  as  its  bulk  of  water,  100  cubical  inches  weighing 
31,0117  grains. 

430.  Atmospheric  air  has  already  been  stated  to  consist  essen- 
tially of  oxygen  and  nitrogen  gases :  whether  it  should  be  consider- 
ed a  mere  mixture  or  a  chemical  compound,  is  a  question  which  has 

been  much  discussed.!     The  oxygen  seems  to  be  the  only  ingre-  Chemical 
dient  on  which  the  effects  of  the  air,  as  a  chemical  agent,  depend.  Jendent  on 
Hence  combustible  bodies  burn  in  atmospheric  air,  only  in  conse- ozygvo. 
quence  of  the  oxygen  gas  which  it  contains ;  and  when   this  is  ex- 
hausted, air  is  no  longer  capable  of  supporting  combustion.     Its 
analysis  is  satisfactorily  demonstrated  by  the  action  of  heated  mer- 
cury, but  the  process  is  tedious.^     By  exposure,  during   12  days  to  LaToisier's 
mercury  heated  in  a  retort,  a  given  quantity  of  atmospheric  air  was  «»?«"• 
found  to  be  diminished  in  bulk,  and  to  have  lost  its  property  of  sup« 
porting  combustion.     The  mercury  was  changed  into  red  scaly  par* 
tides,  and  it  had  acquired  an  increase  of  weight.     When  these  red 
particles  were  submitted  to  heat,  in  a  retort,  oxygen  gas  was  evolved 
equal  in  bulk  to  what  the  air  had  lost  in  the  first  part  of  the  experi- 
ment. 

431.  There  are  various  ways  of  learning  the  proportion  which 
the  oxygen  bears  to  the  nitrogen ;  and  as  the  relative  fitness  of  the 
air  for  breathing  has  sometimes  been  considered  as  depending  upon 
the  quantity  of  oxygen  contained  in  a  given  volume,  the  instruments 

used  in  these  experiments  have  been  called  eudiometers,  Eudiome-' 

432.  From  facts  already  stated  it  is  obvious,  that  if  atmospheric  try- 
air,  mixed  with  a  certain  quantity  of  hydrogen,  be  detonated  by  the 
electric  spark,  the  absorption  will  be  proportionate  to  the  quantity  of 
oxygen  present. 

When  100  measures  of  pure  hydrogen  are  mixed  with  100  of 
pure  oxygen,  the  diminution  of  bulk  after  detonation  will  amount  to 
150  parts,  that  is,  one  volume  of  oxygen  requires  for  its  saturation 
two  of  hydrogen.  If  we  introduce  into  the  graduated  detonating 
tube  (Fig.  106)  300  measures  of  common  air,  and  200  of  pure  hy- 
drogen, there  will  remain,  after  detonation,  305  measures  ;  so  that 
195  measures  will  have  disappeared,  of  which  one  third  may  be  es- 
timated as  pure  oxygen  ;  hence  300  parts  of  air  have  thus  lost  65  of 
oxygen,  or  about  21  per  cent. 

^.  The  general  rule,  therefore,  for  estimating  the  purity  of  air  General 
by  hydrogen  gas  may  be  stated  as  follows : — Add  to  3  measures  of  ™1«« 
the  air  under  examination  2  measures  of  pure  hydrogen  ;  detonate ; 


*  See  Frontispiece.  t  See  sutement  in  Turner,  171. 

t  See  Camb.  Mechanictf  page  403*       §  See  Lavoisier's  Elemenit,  chap.  iii. 
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o»»P'ro.  and,  when  the  vessel  hai  cooled,  observe  the  absorption ;  divide  its 
amount  by  3,  and  the  quotient  is  the  quantity  of  oxygen.    ' 

434.  Upon  the  same  principle,  detonation  of  mixtures  of  oxygen 
^J|P^®^  and  hydrogen  is  of^en  resorted  to,  with  a  view  of  ascertaining  the 
atoertuA^  purity  of  those  gases. 

^'  To  ascertain  the  purity  of  hydrogen,  it  may  be  detonated  with 

excess  of  pure  oxygen. 

Thui,  if  we  aild  100  of  pare  oxygen  to  100  of  bydroffen,  and  detonate,  there 
will  be  a  diminution  equal  to  two  tbirda,  or  150  parta  ii  tbe  hydrogen  be  pure. 
If,  however,  we  auppoee  100  of  pure  oxygen,  mixed  with  100  of  hydrcmn,  to 
produce,  after  detonation,  a  rendue  of  &0  measures,  the  diminution  will  then 
nave  been  only  120  measures,  of  which  two  thirds,  or  80  measures,  are  hydro- 
gen ;  so  that  the  inflammable  gas  will  have  contained  20  per  cent  of  some 
other  gaseous  body,  not  condeuMble  by  detonati<m  with  hydrogen.* 

435.  This  mode  of  ascertaining  tbe  purity  of  atmospheric  air 
?*S*^    was  first  resorted  to  by  Volta,  and  it  is  susceptible  of  great  accura^ 

"        ^  cy,  since  pure  hydrogen  and  pure  oxygen  are  easily  procured.t 

*  For  a  particular  descripiioD  of  scferal  points  in  eudiometry,  see  Faraday's  Ckem, 
Manip.  sect.  Xrii.  paragraph  919,  &c. 

t  lo  tbe  eadiometer  of  Ure,  the  atmospheric  air,  tbe  most  elastic  and  economical  of 
On^tMidiMi^  all  spriugs.  is  employed  to  reoei?e  and  deaden  the  recoil.  This  eadiometer  consists 
^'  of  a  glass  syphon  (Fig.  139),  ha?ing  an  interior  diameter  of  from  3*IOtbs  to  4>10tbs 

each  being  from  six  to  nine  inches 
laped,  the  other  hermetically  sealed ; 
platinum  wires.  yj-.  130. 

The  outer  end  of  the  one  wire  is  incunrated  across,  so  as  nearly 
4e  touch  the  edsc  of  the  aperture ;  that  of  tbe  other  is  formed 
into  a  little  hooK,  to  allow  a  small  spherical  button  to  be  at- 
"tiched  to  it  when  the  electrical  spark  is  to  he  transmitted.  The 
two  l^s  of  tbe  syphon  are  from  onc*fourth  to  one-half  inch  as- 
under.  The  sealed  leg  is  graduated  by  introducing  suocessire- 
ly  equal  weights  of  mercury  from  a  measure  glass  tube.  Ser- 
en  ounaes  troy  and  66  grains,  occupy  tbe  space  of  a  cubic  inch  ; 

and  S4  1-4  grains  repretent-r^  part  of  that  Tolume.  The 
other  ieg  may  be  graduated  also,  though  this  is  not  necessary. 

To  use  this  instrument,  we  first  fill  the  whole  syphon  with  mercury  or  water ;  the 
•pea  lejf  is  then  plunged  into  a  pneomstic  trough,  and  any  oouTenient  quantity  of  the 
gases  IS  introduced  from  a  glass  measure  tube  containing  them  in  determinate  pro- 
portions. Applying  tbe  finger  to  the  orifice  we  next  remove  it  from  the  trough,  lilce  a 
simple  tube,  and  by  a  little  dexterity  transfer  the  gas  into  the  sealed  leg  of  the  sy- 
phon. When  we  oonceiTe  enough  has  been  passed  up,  tbe  finger  is  remoTed  and  the 
mercory  brought  to  a  level  in  both  legs,  either  by  the  addition  of  a  few  drops,  or  by 
the  displacement  of  a  portion,  by  thrusting  down  into  it  a  small  cylinder  of  wood. 
We  now  ascertaia,  by  careful  inspection,  the  volome  of  included  gas.  Applying  the 
forefinger  again  to  the  orifice,  so  as  also  to  touch  the  end  of  tbe  platinum  wire,  we 
then  approach  the  ball  to  the  electrical  machine,  and  transmit  a  spark,  but  a  siiffht 
posh  or  pressure  on  the  tip  of  the  finger  is  felt,  even  when  the  gas  is  in  considerule 
fluantity  and  of  a  strongly  explosive  power.  After  explosion  on  ^dually  sliding 
the  finger  to  one  side  and  admitting  toe  air,  the  mercurial  column  in  tbe  sealed  leg 
will  rise  more  or  less  above  that  in  the  other.  The  equilibrium  is  then  restored  by 
adding  mercury,  when  we  read  ofif,  without  any  reduction,  the  true  resultinff  volume 
of  gas.  As  two  inches  or  more  of  air  should  always  he  left  between  the  finger  and 
the  mercury,  this  atmospheric  column  serves  as  a  perfect  recoil  spring,  enabling  us 
to  explode  very  large  quantities  without  danger. 

We  may  analyze  the  residual  gaseous  matter,  by  introducing,  either  a  liquid  or  solid 
re-agent.  We  first  fill  the  open  leg  nearly  to  the  brim  with  quicksilver,  and  then 
place  over  it  the  substance  whose  action  on  tbe  aas  we  wish  to  try.  If  liquid,  it  may 
be  passed  round  into  the  sealed  leg  among  the  gas;  but  if  solid  the  gas  must  be 
brought  round  into  the  open  leg,  its  orifice  havin{[  been  previously  dosed  with  a  cork 
or  stopper.  After  a  proper  interval  tbe  gas  having  been  transferred  back  into  tbe 
graduated  tube,  the  change  of  its  volume  maybe  accurately  determined.— Ure*s  Did, 
iAO—Edin.  Phil.  TroM.  1818.— See,  also,  Fwaday^  p.  434.  Several  new  eudiome- 
ters have  been  described  by  Hare,  in  the  Amer.  Jour,  qf  SbL  vols.  ii.  and  x* 
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436.  Instead  of  electricity^  spongy  platinum  may  be  employed  for  9ecu  m. 
causing  the  union  of  oxygen  and  liydrogen  gases  ;  and  while  its  in-  Analysis 
dications  are  very  precise,  it  has  the  advantage  of  producing  the  ef-  ^^^  P^^" 
feet  gradually  and  without  detonation.    The  most  convenient  mode  '^^™' 

of  employing  it  with  this  intention  is  the  following : 

A  mixture  of  spongy  platinum  and  uipe-^lay,  in  the  proportion  of  about  Proeett« 
three  parts  of  the  former  to  one  of  the  latter,  is  made  into  a  paste  with  water, 
and  then  rolled  between  the  fingers  into  a  globular  form.  In  order  to  pre- 
serve the  spongr  texture  of  the  platinum,  a  little  hydrochlorate  of  ammonia 
is  mixed  with  the  paste ;  and  when  the  ball  has  become  dry,  it  is  cautiously 
Ignited  at  the  flame  of  a  spirit-lamp.  The  sal  ammoniac,  escaping  from  all 
parts  of  the  mass,  gires  it  a  degree  of  porosity  which  is  peculiarly  frvourable 
to  its  action.  The  ball,  thus  prepared,  shoula  be  protected  from  dust,  and  be 
heated  to  redness  just  before  being  used. 

To  insure  accuracy,  the  hydrogen  employed  should  be  kept  over 
mercury  for  a  few  hours  in  contact  with  a  platinum  bell  and  a  piece 
of  caustic  potassa.  The  first  deprives  it  of  traces  of  oxygen  which 
it  commonly  contains,  and  the  second  of  moisture  and  hydrosulphu- 
ric  acid.  The  analysis  most  be  performed  in  a  mercurial  trough. 
The  time  required  for  completely  removing  the  oxygen  depends  on 
the  diameter  of  the  tube.  If  the  mixture  is  contained  in  a  very 
narrow  tube,  the  diminution  does  not  arrive  at  its  full  extent  in  lesa 
than  twenty  minutes  or  half  an  hour ;  while  in  a  vessel  of  an  inch, 
in  diameter,  the  efiect  is  complete  in  the  course  of  five  minutes.^      ^^ 

437.  When  nitric  oxide  gas  (binoxide  of  nitrogen)  and  atmos-  m^o|. 
pherie  air  are  mixed,  there  is  a  production  of  nitrous  acid,  in  aonse- 
quence  of  the  union  of  oxygen  with  the  oxide ;  and  if  the  mixture 

be  made  over  water,  an  absorption  ensues.  Upon  this  principle 
this  gas  was  used  in  eudiometrical  experiments,  by  Priestley  and 
Cavendish. t  There  are,  however,  several  sources  of  error  for 
which,  and  the  precautions  required  to  ensure  accuracy,  8ee>JGKnox»ie 
of  Nitrogen,  t  f454.) 

438.  If  a  sticK  of  phosphorus  be  confined  in  a  portion  el  atmos-  Lavoi- 
pherie  air  it  will  slowly  absorb  the  oxygen  present.     Th^  rapid  sier's,&«. 
combustion  of  the  same  substance  may  also  be  conveniently  resort- 
ed to.      These  eudiometrical  methods  were  used  by  I^voisier, 
Berthollet,  and  Seguin.^  Uniformity 

439.  The  analyses  of  atmospheric  air,  collected  at  various  eleva-  in  compo- 
tions  and  in  difierent  latitudes,  show  that  the  proportion  of  oxygen  sitiooofair. 
is  between  20  iind  21  volumes,  and  of  nitrogen  79  or  80.    The  av- 
erage of  a  number  of  analyses  by  Hare's  eudiometer,  gave  the  pro- 
portion ^f  oxygen  at  20,66  per  cent.    The  air  which  6ay-Lussac 
brought  from  an  altitude  of  21,735  feet  above  the  earth,  had  the 

same  composition  as  that  collected  near  its  surface.  But  Faraday 
found  a  decided  difierence  between  the  air  from  the  arctic  regions 
and  that  of  London.  Dalton  has  inferred  that  the  proportion  of 
oxygen  to  nitrogen  in  the  air  on  the  surface  of  the  earth,  is  not  pre- 

*  See  Henry's  fissay  in  Philot.  Thms.  1824.— Henry's  ChemiMiry,  1. 237. 

t  Phii.  Traru.  1783.     t  See  Dalton's  Remarks,  P/Ul.  Mag,  Vol.  xjcviii.       For 
the  details  of  this  process  see  Henry's  Chemislryt  fol.  1.  p.  312,  edit.  10th. 

S  Ann.  de  Cfdm.  torn.  ix.  and  xxxit. 
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Cbap.ni.    cisely  the  same  at  all  places  and  times,  and  that  in  elevated  regions, 
the  proportion  is  somewhat  less. 

The  miasmata  of  marshes  and  the  effluvia  of  infected  places,  are 
supposed  to  owe  their  noxious  qualities  to  some  peculiar  subtle  prin- 
ciple, and  not  to  a  deficiency  of  oxygen.* 

440.  Though  oxygen  and  nitrogen  are  the  essential  component 

parts  of  atmospheric  air,  it  contains  other  substances,  which,  however, 

may  be  regarded  as  adventitious,  and  the  quantity  of  which  is  liable 

Carbonic     ^^  ^^^Y  '  ^^  these,  carbonic  acid  and  aqueous  vapour  are  the  most  im- 

acid  io  air.  portant  and  constant    The  quantity  of  the  former  may  usually  be 

considered  as  amounting  to  less  than  1  per  cent. 
Water  in         '^'^^-  '^^^  presence  of  aqueous  vapour  in  the  atmosphere  is  shown 
air,  in  a  variety  of  ways,  but  most  easily  by  exposing  to  it  certain  de- 

liquescent substances  which  liquefy  and  increase  in  weight,  in  con- 
seouence  of  its  absorption.! 
luqoanti-       xhe  quantity  of  water  contained  in  air  and  gases  is  subject  to  va- 
ty-  nation.    From  the  experiments  of  Saussure  and  Dalton,  it  appears 

that  100  cubic  inches  of  atmospheric  air  at  57°,  are  capable  of  re- 
taining 0,36  grains  of  watery  vapour ;  in  this  state  the  air  may  be 
considered  at  its  maximum  of  humidity  :  it  would  also  appear  that 
all  the  gases  take  up  the  same  quantity  of  water  when  under  similar 
circumstances,  and  that  it  consequently  depends,  not  upon  the  den- 
sity or  composition*  but  upon  the  bulk  of  the  gaseous  fluid. 
State  in  442.  Berthollet  considered  that  the  elements  of  the  air  are  retain- 

^ nenteSf  ^  together  by  chemical  attraction ;  but  Dalton  maintains  that  they 
?e  air  ex^  A<^  merely  mechanically  mixed,  and  proved  that  gases  mingle  me- 
ist,  ebanically  that  have  no  attraction,  and  that  even  carbonic  acid  rises 

through  a  small   lube  into  a  bottle  of  hydrogen  placed  above  it, 
though  much  heavier,  a  corresponding  quantity  of  hydrogen  des- 
,       cendinf  into  the  carbonic  acid  bottle.     This  proves  a  power  of  diffu" 
ntw*^  '     '^^  among  the  gases.     Dalton  concluded  that  particles  of  the  same 
gases  repel  each  other,  but  that  those  of  diflferent  gases  do  not,  and 
that  one  gns  acts  as  a  vacuum  to  another,  though  they  diffuse  them- 
Graham't    ^^l^^s  more  slowly  through  each  other  than  in  a  vacuum, 
experi-  443.  Graham  has  ascertained  that  each  gas  has  a  diffusiveness  pe- 

culiar to  itself,  which  is  inversely  proportional  to  the  square  root  of 
its  density,  and  has  drawn  up  tables  representing  their  diffusive  pow- 
er, air  being  taken  as  a  standard  of  comparison. t  He  used  a  tube 
with  the  gas  under  examination,  open  at  one  end,  and  closed  with 
plaster-of-paris  at  the  other,  the  diffusion  taking  place  readily 
through  the  pores  of  this  substance  when  moderately  dry ;  it  also 
takes  place  through  membranes,  small  cracks  in  glass  vessels,  and 
through  numerous  porous  bodies.^    From  all  these  considerations, 

*  According  to  Proot  there  was  a  peculiar  state  of  the  air  during  the  preTalenoe  of 
the  cholera  in  London,  in  1832.    See  Reports  of  Brit.  Assoc.  1832. 

f  As  the  ^es  in  general,  unless  artificially  dried,  also  contain  vapoar,  it  is  neces* 
sary,  in  delicate  experimeoU,  and  in  ascertaining  their  specific  gravity,  to  teke  this 
ineredient  into  the  account,  or  to  separate  it  by  proper  means,  such  as  exposure  to  very 
deliquescent  substances,  among  which  fused  chloride  of  calcium  is  especiaUy  useful. 

t  Pha.  Trans.  Edin.  1831. 

t  See  Mitehell's  experimente  in  Amer.  Jour.  Med.  Set-  vii.  36. 
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Dalton*s  view  of  the  constitution  of  tlie  air  is  now  generally  adop-    Sect.m. 
ted.   R.  64. 

444.  Hygroscopes  and  Hygrometers  are  instruments  which  show 

the  presence  of  water  in  the  air,  its  variation  in  quantity,  and  its  Hygromc- 
actual  quantity  exi'sting  in  a  given  hulk  of  air  at  any  given  time.  ters. 
Daniell's  hygrometer  shows  the  constituent  temperature  of  the  mois- 
ture in  the  atmosphere,  hy  its  precipitation  upon  a  cold  surface.t 

445.  Since  oxygen  is  necessary  to  combustion,  to  the  respiration  l^,  ^^q^^, 
of  animals,  and  to  various  other  natural  operations,  by  all  of  which  ygeo,  how 
that  gas  is  withdrawn  from  the  air,  it  is  obvious  that  its  quantity  m«>P««*- 
would  gradually  diminish,  unless  the  tendency  of  those  causes  were 
counteracted  by  some  compensating  process.     The  only  source  by 

which  oxygen  is  known  to  be  supplied,  is  the  action  of  growing  veg- 
etables. A  healthy  plant  absorbs  carbonic  acid  during  the  day,  ap- 
propriates the  carbonaceous  part  of  that  gas  to  its  own  wants,  and 
evolves  the  oxygen  with  which  it  was  combined.  During  the  night, 
indeed,  an  opposite  efllect  is  produced.  Oxygen  gas  then  disappears, 
and  carbonic  ncid  is  eliminated;  but  it  follows  from  the  experiments 
of  Priestley,  Davy,  and  Daubeny,  that  plants  during  24  hours  yield 
more  oxygen  than  they  consume.  Whether  living  vegetables  make 
a  full  compensation  for  the  oxygen  removed  from  the  air  by  the  pro- 
cesses above  mentioned,  is  uncertain. 

Nitrogen  and  Oxygen,    Protoxide  of  Nitrogen — Nitrous  Oxide, 

Composition. 

Symb.  8p.  Or,  NU. 

N  +  OorN      1.6239    Air  =1       By  Vol.       100 

22.16      Hyd.  =1         "  Wght.      14.16 

446.  This  gas  was  termed,  by  its  discoverer,  Priestley,  dephlogisti- 
cated  nitrous  air  ;  by  the  Dutch  chemists  gaseous  oxide  of  azote. 
It  is  obtained  by  several  processes,  but  that  most  usually  adopted  is 
the  following.  The  salt  obtained  by  neutralizing  nitric  acid  with 
carbonate  of  ammonia,  called  Nitrate  of  Ammoniat  is  heated  in  a 
glass  retort.  When  all  the  salt  is  liquefied,  it  should  be  kept  gently 
simmering,  avoiding  violent  ebullition.  The  temperature  should  not  P">ce"i 
be  raised  above  600°  F.     If  a  white  cloud  appears  within  the  retort, 

due  to  some  of  the  salt  subliming  undecomposed,  the  heat  should  ^^^'^ 
be  checked.^     The  management  of  the  heat  is  to  be  carefully  at-        ' 
tended  to ;  when  the  heat  is  too  great,  the  gas  is  apt  to  be  im- 
pure. 

447.  The  gas  may  be  collected  over  water  and  allowed  to  stand  Collected 
an  hour  or  two  before  it  is  used,  during  which  time  it  will  deposit  a  °^^'  ^^^h 


t  See  Quart.  Jour,  Sd,  volt.  viii.  iz.  x. 

t  See  Nitrate  of  Ammonia, 

%  A  chauffer  with  ienited  charcoal  affords  the  best  heat,  and  the  retort  is  less  liahle 
to  be  broken  than  when  a  lamp  is  employed.  An  iron  or  tin  plate  will  be  foand  use- 
ful to  check  the  ebuUition  if  too  great,  as  it  can  be  interposed  between  the  chauffer 
and  the  retort,  and  withdrawn  at  pleasure. 


Qry. 

Chem,  Equiv, 

+ 

60 

100 

+ 

8 
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ohap.ni.  white  substance  and  become  transparent  When  a  large  quantity  is 
wanted,  it  may  be  received  in  a  gasholder,  and  much  gas  will  be 
saved  if  the  vessel  be  filled  with  water  which  has  been  once  ased 
for  the  same  purpose. 
Theory  of  448.  The  products  of  this  operation,  when  carefully  conducted, 
the  process,  are  water  and  protoxide  of  nitrogen.  The  nature  of  the  change 
will  be  understood  by  comparing  the  composition  of  nitrate  of  am- 
monia with  that  of  the  products  derived  from  it.  These,  in  round 
numbers,  are  as  follows : 

NSMcAsid.  Ammonia,  Water,  Prot.  i(f  NUrcgetu 

Nitrogen  1 4  or  leq.  Nitrogen  14orleq. 
Oxygen  40or5eq.  Hydrogen  3or3eq. 


Uyd.   3or3eq.      Nit   28or2eq. 
Ozy.  24  or  3  eq.      Oxy.  16  or  2  eq. 


54  17  27  44 

The  same  expressed  in  symbols  is 

N+60;  N+3H;        |         3(H+0);        2{N+0). 

The  hydrogen  in  the  ammonia  takes  so  much  oxygen  as  is  suffi- 
cient for  forming  water,  and  the  residual  oxygen  converts  the  nitro- 
gen both  of  the  nitric  acid  and  of  the  ammonia  into  protoxide  of  ni- 
trogen :  71  grains  of  the  salt  will  thus  yield  44  grains  of  protoxide 
of  nitrogen  and  27  of  water. 
Properties.      449,  Protoxide  of  nitrogen  is  a  colourless  gas,  which  does  not 
affect  the  blue  vegetable  colours,  even  when  mixed  with  atmospheric 
air.     Recently  boiled  water,  which  has  cooled  without  exposure  to 
the  air,  absorbs  nearly  its  own  bulk  of  it  at  60^  F.  and  gives  it  out 
again  unchanged  by  boiling.     The  solution,  like  the  gas  itself,  has 
a  faint  agreeable  odour  and  sweet  taste.     The  action  of  water  affords 
a  ready  means  of  testing  its  purity ;  removing  it  readily  from  all 
other  gases,  such  as  oxygen  and  nitrogen,  which  are  sparingly  ab- 
sorbed by  that  liquid. 
May  be  re-      450.  Davy  discovered  that  this  gas  may  be  taken  into  the  lungs 
spir«d.       ^-^jj  safety,*  and  that  it  supports  respiration  for  a  few  minutes.     A 
few  deep  inspirations  of  it  are  followed  by  feelings  of  excitement, 
similar  to  the  early  stages  of  intoxication.    The  experiment,  how- 
ever, cannot  be  made  with  impunity  bv  all  persons,  especially  by 
those  who  are  liable  to  a  determination  ot  blood  to  the  head.t 
^'PP^'I*        451.  Protoxide  of  nitrogen  supports  combustion,  and  a  taper  in- 
tion.  troduced  into  it  has  its  flame  much  augmented  and  surrounded  by  a 

purplish  halo.  Phosphorus  and  sulphur,  when  introduced  in  a  state 
of  vivid  ignition  into  this  gas,  burn  with  the  same  appearance  nearly 
as  in  oxygen ;  but,  if  when  put  into  the  gas,  they  are  merely  burn- 
ing dimly,  they  do  not  decompose  it  and  are  extinguished,  so  that 
they  tony  be  melted  in  the  gas,  or  even  touched  with  a  red-hot  wire 
without  inflaming,  (but  when  wire  intensely  heated,  or  made  white- 
hot,  is  applied,  the  phosphorus  bums,  or  rather  detonates,  with  pro- 
digious violence.  H.)  Charcoal,  and  many  of  the  metals,  also  de- 
compose protoxide  of  nitrogen  at  high  temperatures. 
Detonates  452.  A  mixture  of  this  gas  with  an  equal  bulk  of  hydrogen  gas 
^Q^^  "''detonates,  on  applying  a  lighted  taper,  or  passing  an  electric  spark, 

*  Re»earehe»  on  the  nUrout  oxide, 

t  See  report  of  remarkable  cases  in  Amer.  Jour.  vol.  v. 
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and  is  decomposed  also  by  spongy  pbtinum  at  common  tempera-   am.  iu. 
tures.     The  product  of  the  combustion  is  the  same  as  when  oxygen 
gas  or  atmospheric  air  is  used.     The  protoxide  is  decomposed ;  the 
combustible  matter  unites  with  its  oxygen,  and  the  nitrogen  is  set 
free. 

453.  At  a  red  heat  this  gas  is  decomposed  and  converted  into  Decompo- 
nitrogen,  oxygen  and  nitrous  acid.*     It  was  analyzed  by  Davy,  by  *>^°''* 
means  of  hydrogen  gas.    He  mixed  39  measures  of  the  former  with 

40  measures  of  hydrogen,  and  fired  the  mixture  by  the  electric 
spark.  Water  was  formed ;  and  the  residual  gas,  which  amounted 
to  41  measures,  had  the  properties  of  pure  nitrogen.  As  40  mea- 
sures of  hydrogen  require  20  of  oxygen  for  combustion,  it  follows 
that  39  volumes  of  the  protoxide  of  nitrogen  coDtain  41  of  nitrogen 
and  20  of  oxygen.  According  to  Gay-'Lussac's  law  of  gaseous  com- 
bination, it  may  be  inferred  that  protoxide  of  nitrogen  contains  its  Analyiis. 
own  bulk  of  nitrogen  and  half  its  volume  of  oxygen.  The  analy- 
sis of  this  compound  by  Henry,t  by  means  of  carbonic  oxide  gas, 

has  proved  beyond  a  doubt  that  this  is  the  exact  proportion.     Now, 

100  cubic  inehea  of  nitrogen  gas  weigh  -  30.1650  grains 

50        do.  oxygen        ....  17.0936      «' 

Theaa  nomben  added  together  amount  to  -  47.2&86 

which  must  be  the  weight  of  100  cubic  inches  of  the  protoxide ;  and 
its  specific  gravity  is,  therefore,  1.5239.  Its  composition  by  weight 
is  determined  by  the  same  data,  being  17.0936  of  oxygen  to  30.1650 
of  nitrogen,  or  as  8  to  14.117,  nearly  the  number  already  sta- 
ted.   T. 

Biftoxide  of  Nitrogen — Nitric  Oxide. 

Composition. 

iSVmi.  Sp'  Gr,  Nil,  Oxy,  Chem.  Eqviv, 

N+SOorN         1,0376     air  =1    Bj  Vol.      100         +      100     =    200 
15.76     Hyd.=  l      '^  Wght      14.16     +        16     =  30.16 

454.  This  gas,  discovered  by  Hales,  was  first  examined  by  Priest- 
ley, and  callod  by  him  nitrous  air  a  term  afterwards  changed  to  ni- 
trous gas^  then  to  miric  ozide^  and  more  lately  to  Binoxide  of  Nitro- 
gen, which  last  appears  to  be  its  most  appropriate  title.  It  is  more 
generally  known,  however,  under  the  name  of  nitrous  gas. 

455.  It  is  usually  obtained  by  presenting  certain  substances  to  ni- 
tric acid,  which  abstract  a  portion  of  its  oxygen,  leaving  the  remain- 

ing  elements  in  such  proportions  as  to  constitute  the  gas  in  q^es- ^JJJ^^* 
tion  ;  for  this  purpose  copper  may  be  put  into  a  gas  bottle,  (Fig.  87) 


*  For  experiments  of  thie  ^i^- 1^* 

kind  the  tollowiog  simple 
apparetas  may  be  used :  It 
consists  of  two  bladdeiSf 
(Fig.  140.)  one  of  which  is 
filled  with  the  gas,  and  the 

other  empty,  attached  to  the  v^  ^ , i 

extremities  of  a  porcelain  tube  which  traferaes  the  body  of  a  fnmaoe.  The  blad- 
ders are  supplied  with  stop-cocks,  and  the  gas  is  squeezed  from  one  to  the  other 
when  the  tobe is  red-hot. 

t  ilnn.  q/"  Phil,  tiii.  299,  N.  S. 
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Effect  of 
oxygen, 


Exp. 


Ctop.in.  with  nitric  acid,  diluted  with  thrice  its  bulk  of  water ;  an  action  en- 
sues, red  fumes  are  produced,  and  there  is  a  copious  evolution  of 
the  gas,  which  may  be  collected  and  preserved  over  water.  The 
first  portions  should  be  rejected.  It  is  presently  recognised  by  the 
red  fumes  which  it  produces  when  brought  into  the  contact  of  air. 
During  this' process  part  of  the  nitric  acid  gives  oxygen  to  the  cop- 
Theory  of  per;  and  passes  to  the  state  of  binoxide  of  nitrogen,  the  remaining 
the  process,  ^cid  unites  with  the  oxide  of  copper,  and  composes  a  nitrate  of  that 
metal. 

Quicksilver  may  be  substituted  for  the  copper ;  but  in  the  latter 
case  it  will  be  found  necessary  to  apply  heat  to  the  materials. 

456.  When  mixed  with  oxygen  gas  red  fumes  arise,  heat  is  evolv- 
ed, a  diminution  takes  place,  and  if  the  two  gases  be  in  proper  pro- 
portion, and  perfectly  pure,  they  disappear  entirely.  The  product  of 
this  union  is  possessed  of  acid  properties,  which  may  be  shown  by 
the  following  experiments. 

1 .  Paste  a  slip  of  litmus  paper  within  a  §[las8  jar,  near  the  bottom ;  and  into  the 
jar,  filled  with  and  invertea  in  water,  admit  as  much  of  the  gas,  previously  well 
washed,  as  will  displace  the  water  below  the  level  of  the  paper.  The  colour 
of  the  litmus  will  remain  unchanged  ;  but  on  adding  oxygen  gas  it  will  be  im- 
mediately reddened. 

2.  Pass  up  into  a  jar  filled  with  the  vegetable  infusion,  (56  Note)  a  quaDtitv  of 
oxygen  gas  sufficient  to  displace  about  one  half  of  the  infusion ;  to  tbis  admit 
binoxide  of  nitrogen,  absorption  and  reddening  will  ensue. 

457.  Binoxide  of  nitrogen  is  rather  heavier  than  common  air. 
It  is  partially  resolved  into  its  elements  by  being  passed  through  red- 
hot  tubes.  A  succession  of  electric  sparks  has  a  similar  effect.  It 
is  converted  into  protoxide  of  nitrogen  by  substances  which  have  a 
strong  affinity  for  oxygen.  Davy  ascertained  its  composition  by  the 
combustion  of  charcoal.^  Two  volumes  of  the  binoxide  yielded  one 
volume  of  nitrogen,  and  about  one  of  carbonic  acid,  whence  it 
was  inferred  to  consist  of  equal  measures  of  oxygen  and  nitrogen 
gases  united  without  any  condensation.  Gay-Lussac  also  proved 
that  this  proportion  is  exact.  He  decomposed  100  measures  of  the 
gas,  by  heating  potassium  in  it ;  when  50  measures  of  pure  nitro- 
gen were  left,  and  the  potassa  formed  corresponded  to  50  measures 
of  oxygen.  The  same  fact  has  been  lately  proved  by  Henry.t 
Hence,  as 


Exp. 


Analysis. 


50  cubic  inches  of  oxygen  gas  weigh 
50         do.  nitrogen 


17.0936  grains. 
15.0825      " 


tt 


Properties. 


100  cubic  inches  of  the  binoxide  must  weigh  32.1761 

Its  composition  stated  at  page  143  is  drawn  from  these  facts.  Its 
density  ought  to  be  1.0375,  which  closely  agrees  with  the  direct  ex- 
periments of  Davy,  Thomson,  and  Berard.    T. 

458.  When  washed  with  water  it  is  not  acid.  Water  absorbs 
the  binoxide  sparingly ;  100  measures  of  that  liquid,  cold  and  re- 
cently boiled,  take  up  about  11  of  the  gas.  It  extinguishes  most 
burning  bodies;  but  phosphorus  readily  burns  in  it  if  introduced  in 
intense  ignition.  It  is  quite  irrespirable,  exciting  strong  spasms  of 
the  glottis,  as  soon  as  an  attempt  is  made  to  inhale  it.  The  experi- 
ment, however,  is  a  dangerous  one. 


*  Elem.  Chem.  PhU.  p.  200.  t  itnn.  of  PhU.  N.  S.  viii.  299. 


459.  It  16  decomposed  by  exposure  to  almost  all  bodies  that  attract    *^-  "^t 
oxygen  ;  thus  iron  filings  decompose  it,  and  become  oxidized,  afford-  Decompoti. 
ing  a  proof  of  the  presence  of  oxygen  in  it.     During  this  process,  ^^^^ 
water,  ammonia,  and  protoxide  of  nitrogen  are  generated.     Mixed 

with  sulphurous  acid,  it  is  decomposed,  and  this  acid  is  changed  into 
the  sulphuric,  but  not  unless  water  is  present.  With  an  equal  bulk 
of  hydrogen,  it  forms  a  mixture  which  cannot  be  made  to  explodey 
but  which  is  kindled  by  contact  with  a  lighted  candle,  and  burns 
rapidly  with  a  greenish  white  flame,  water  and  pure  nitrogen  gas 
being  the  sole  products.  The  action  of  freshly  ignited  spongy  plati* 
num  on  a  mixture  of  hydrogen  and  binoxide  of  nitrogen  gases  leads 
to  the  slow  production  of  water  and  ammonia. 

460.  From  the  formation  of  red  coloured  acid  vapours,  whenever  Use  in  Eup 
binoxide  of  nitrogen  and  oxygen  are  mixed,  these  gnses  detect  the  pre-  ^'^^^^^ 
sence  of  each  other ;  and  since  the  product  is  wholly  absorbed  by  wa- 
ter, either  of  them  may  be  entirely  removed  from  any  gaseous  mixture 

by  adding  a  sufficient  quantity  of  the  other.  Priestley,  who  first  ob- 
served this  fact,  supposed  that  combination  takes  place  between  them 
in  one  proportion  only ;  and  inferring  on  this  supposition,  that  a 
given  absorption  must  always  indicate  the  same  quantity  of  oxygen, 
he  was  led  to  employ  binoxide  of  nitrogen  in  Eudioroetry.  But  in 
this  opinion  he  was  mistaken.  Dalton  and  Gay-Lussac  have  described 
the  precautions  which  are  required  to  insure  accuracy."^ 

HyponiCraus  Acid 

Composition. 

Symb,  NU.  Oxy.  Eqaix, 

By  Vol.       100       +        150 
N+80orN  ♦•   Wght.      14.16  +  24      =      38.16 

461.  On  adding  binoxide  of  nitrogen  in  excess  to  oxygen  gas,  procew. 
confined  in  a  glass  tube  over  mercury,  Gay-Lussac  found  that  100 
measures  of  the  latter  combine  with  400  of  the  former  forming  an  acid 
which  unites  with  the  potassa.     The  compound  so  formed  is  hypo- 
nitrous  acid. 

462.  The  anhydrous  liquid  acid  is  colourless  atO^  F.  and  green  at  Properties, 
common   temperatures.     It  is  so  volatile,  that  in  open  vessels  the 

green  fluid  wholly  and  rapidly  passes  ofl*  in  the  form  of  an  orange 
vapour,  which  is  said  to  have  a  density  of  1.72.  On  admixture  with 
water  it  is  converted  into  nitric  acid  and  binoxide  of  nitrogen,  the 
latter  escaping  with  eflervescence ;  but  when  much  nitric  acid  is 
present,  the  hyponitrous  is  changed  into  nitrous  acid,  which  imparts 

*  Dalton  in  Ann.  of  Phil.  x.  33 ;  and  further  directions  have  lieen  published  y^  ^^  . 
by  Henry  in  his  Efements.  Instead  of  employing  a  narrow  tube,  such  as  is  com*  lumi;. 
monly  used  for  measuring  g^ases,  Gay  Lussac  aoTises  that  100  measures  of  air  should 
be  introduced  into  a  very  wide  tube  or  jar,  and  that  an  equal  volume  of  binoxide  of 
nitrogen  should  then  be  added.  The  red  vapours,  which  are  instantly  produced  3  die- 
appear  very  quickly ;  and  the  absorption  aAer  halt  a  minute,  or  a  minute  at  the  most, 
mav  be  regarded  as  complete.  The  residue  is  then  transferred  into  a  graduated  tube 
ana  measured.  The  diminution  almost  always,  according  to  Gay-Lussac,  amounts  iq 
84  measures,  one-fourth  of  which  is  oxygen.  Gay-Lussac  has  applied  this  process  to 
the  analysis  of  various  mixed  gases,  in  which  the  oxygen  was  sometimes  in  a  greater, 
at  others  in  a  less  proportion  than  in  the  atmosphere,  and  the  indications  were  at  • 
ways  oorrect.  For  other  detailasee  Turner's  jS/emenis,  i77,  and  Dana  on  iVi^nnte 
Qaa.  Amer,  Jour.,  vii.  336. 
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Chap,  lift  several  shades  of  colour,  orange,  yellow,  green,  and  blue,  according 
to  its  quantity.  One  equivalent  of  hyponitrous  and  one  of  nitvic 
acid,  yield  two  equivalents  of  nitrous  acid  :  thus  N-f-SO  and  N+60 
contain  the  elements  for  forming  2(N-|-40). 

463.  Hyponitrous  acid  does  not  unite  directly  with  alkalies,  being 
then  resolved  principally  into  nitric  acid  and  binoxide  of  nitrogen ; 
but  the  hyponitrites  of  the  alkalies  and  alkaline  earths  may  be  ob- 
tained by  heating  the  corresponding  nitrates  to  a  gentle  red  heat. 

464.  Hyponitrous  acid  forms  with  water  and  sulphuric  acid 
a  crystalline  compound,  which  is  generated  in  large  quantity  during 
the  manufacture  of  sulphuric  acid,  and  the  production  of  which  is  an 
essential  part  of  that  process.  It  is  generated  whenever  moist  sul- 
phurous acid  gas  and  nitrous  acid  vapour  are  intermixed,  being 
instantly  deposited  in  the  form,  of  white  acicular  crystals.    T.  i79. 
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465.  When  binoxide  of  nitrogen  is  presented  to  oxygen,  the  two 
gases  combine,  and  a  new  gaseous  compound  of  a  deep  orange  colour 
results. 

Into  a  large  glass  globe,  or  other  convenient  vessel,  previously  filled  with  wa- 
ter, inux»duce  sufficient  nitrous  gas  to  displace  about  two  thirds  of  the  water.  On 
passing  into  it  oxygen  gas  the  vessel  will  oecome  filled  with  deep  orange  coloured 
nitrous  acid  gas. 

This  compound  is  absorbed  both  by  quicksilver  and  water,  so  that 
to  preserve  it  for  examination,  we  are  obliged  to  resort  to  exhausted 
glass  vessels.  When  we  thus  mix  two  volumes  of  binoxide  of  ni- 
trogen with  one  volume  of  oxygen,  the  gases  become  condensed  to 
one  third  their  original  volume,  and  form  nitrous  acid  vapour. 

466.  This  gas  supports  the  combustion  of  the  taper,  of  phosphorus, 
and  of  charcoal,  but  extinguishes  sulphur.'^  100  measures  of  nitrous 
acid  vapour  contain  100  of  nitrogen  gas  and  800  of  oxygen.  The  spe- 
cific gravity  of  this  vapour  ought  to  be  3.1775,  formed  of  0.9727  the 
ap.  gr.  of  nitrogen4'S*204d  twice  the  sp.  gr.  of  oxygen. 

467.  Nitrous  acid  may  exist  in  the  liauid  as  well  as  in  the  gase- 
ous form.  To  form  liquid  nitrous  acid,  its  vapour  may  be  con- 
densed by  a  freezing  mixture.  It  is  readily  absorbed  by  water ;  the 
water  becomes  first  green,  then  blue,  and  finally  an  orange  colour* 
more  or  less  deep.  The  latter  may  be  brought  to  the  state  of  green 
or  blue  by  adding  more  or  less  water.  Hence  the  colour  depends 
partly  on  the  circumstance  of  density  ;  but  there  can  be  little  doubt 
that  it  is  materially  affected  also  by  the  proportions  of  nitric,  nitrous* 
and  hyponitrous  acids,  which  according  to  Gay-Lussac,  compose  ni- 
trous acid,  as  it  is  ordinarily  obtained  in  a  liquid  state.     H.  i.  32i. 

468.  It  may  be  procured  by  exposing  nitrate  of  lead  carefully 
dried  to  a  heat  sufficient  to  decompose  the  salt.  The  nitric  acid  of 
the  salt  is  resolved  into  nitrous  acid  and  oxygen ;  and  if  the  products 

*  It  reddens  litmus  paper,  has  a  sour  taste,  a  strong  smell,  and  turns  animal  sub- 
stances yellow. 
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are  received  in  vessels  kept  moderately  cool,  the  greater  part  of  the  rfacu  m. 
former  condenses  into  a  liquid.  .  This  substance  was  first  obtained 
by  Gay-Lussac. 

469.  The  liquid  anhydrous  acid  is  powerfully  corrosive,  has  a  Properties, 
strong  acid  taste  and  pungent  odour,  and  is  of  a  yellowish  orange 
colour.  Its  density  is  l.&l.  It  remains  liquid  at  ordinary  tempe- 
ratures and  pressure,  and  boils  at  8^  F.  Exposed  to  the  air  it  eva- 
porates with  great  rapidity,  forming  the  common  nitrous  acid  vapours, 
which,  when  once  mixed  with  air  or  other  gases,  require  an  intense 

cold  to  condense  them. 

470.  Nitrous  acid  is  a  powerful  oxidizing  agent,  readily  giving  OzidiiM* 
ojbygen  to  the  more  oxidable  metals,  and  to  most  substances  which 

have  a  strong  affinity  for  it.  The  acid  is  decomposed  at  the  same 
time,  being  commonly  changed  into  binoxide  of  nitrogen,  though 
sometimes'  the  protoxide  and  even  pure  nitrogen  gases  are  evolved. 
When  transmitted  through  a  red  hot  porcelain  tube,  it  suffers  decom- 
position, and  a  mixture  of  oxygen  and  nitrogen  gases  is  obtained. 

When  nitrous  acid  is  milled  with  a  considerable  quantity  of  water.  Action  of 
it  is  instantly  resolved  into  nitric  acid,  which  unites  with  the  water,  ^^••r. 
and  binoxide  of  nitrogen  which  escapes  with  effervescence. 

Nitric  4cid' 

GompositioQ. 
Si/mb,  NU,  Oxy,        Equiv. 

T»i .    rx     W  By  Vol.        100       +       S60 

J\+60orN  «»   Wght.      14.16  +         40    =     64.16 

471.  If  a  succession  of  electric  sparks  be  passed  through  a  mixture  j^jj^j^  ^^^ 
of  oxygen  and  nitrogen  gases  confined  in  a  glass  tube  over  mercury,  fqrmed. 

a  little  water  being  present,  the  volume  of  the  gases  will  gradually  '^ 
diminish,  and  the  water  after  a  time  will  be  found  to  have  acquired 
acid  properties.  On  neutralizing  the  solution  with  potassa,  or  what 
is  better,  by  putting  a  solution  of  pure  potassa,  instead  of  water,  into 
the  tube,  a  salt  is  obtained  which  possesses  all  the  properties  of  th^ 
nitrate  of  potassa  (nitre.)  This  experiment  was  performed  by  Ca- 
vendish in  1785,  who  inferred  from  it  that  nitric  acid  is  composed  of 
oxygen  and  nitrogen. 

The  nitric  acid  may  be  formed  more  conveniently  by  adding  bi-< 
noxide  of  nitrogen  slowly  over  water  to  an  excess  of  oxygen  gas.  It 
cannot  exist  in  an  insulated  state.  The  most  simple  form  under 
which  chemists  have  hitherto  procured  nitric  acid  is  in  solution  with 
water.     It  is  usually  obtained  by  the  distillation  of  purified  nitre  Vmnl 

with  sulphuric  acid,  of  which  materials  different  proportions  are  em?  process  for 
_i     ^j  obtaining 

Ployed.  nitric  acid, 

Into  a  fflass  retort,  which  may  be  either  tubulated  or  not,  put  four  parts  by 
weight  of  nitrate  of  potassa,  reduced  to  a  coarse  powder,  and  pour  upon  it  three 
parts  of  concentratea  sulphuric  acid.  Apply  a  tubulated  receiver  of  large  capa^ 
city  between  which  and  the  retort,  an  adopter  may  be  interposed ;  these  junc- 
tures beinff  luted  with  a  mixture  of  pipe-clay,  sifted  sand,  and  cut  tow  or  flax. 
To  the  tUDulure  of  the  receiver,  a  glass  tube  may  be  fixed  by  means  of  the  fat 
late,*  and  may  terminata  in  another  receiver,  containing  a  small  quantity  of 
water. 

*  Formed  by  heating  perfectly  dry  and  finely  sifted  tobacco  pipe  clay,  with  painters* 
drying  oil. 
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Oup.  tn.       If  the  openlor  niahei  toollect  tfai  gaseona  product*  ti»o,  thiaseeond 

'       ■'  ■  "«d  with  a tobalun '-- 

of  thu  inverted  fi 


■boald  be  proTided  with  a  tobalure,  to  which  •  beol  pipe  majr  be  lated,  lenn 
Dating  under  one  of  the  inverted  funnel*  in  the  ahelr  of  Iho  pnoumtttc  tionpl 
Apply  beat  to  the  retort,  through  the  inlerveution  of  the  Band-bath.     The  fin 


prodURt  that  passes  into  the  receiver,  is  generallj  of  a  red  coloBr,  and  ofa  tmok- 
iBg  qnalitj.  These  appearances  gnduallj  diminish  ;  and  if  the  mMsrials  used 
were  clean,  the  acid  will  come  orer  pale,  and  even  colourlesa.  Afierwardsil 
gradually  le-Bssumea  a  red  colour,  and  smobing  property  ;  which  appearaaces  go 
on  increasing  till  the  end  of  the  operation  ;  and  the  whole  product  mingled  to- 
gether, has  either  a  yellow  oi  an  oiaoge  colour,  according  to  the  temperataro 
•mplojed.    H.  I.3IH. 

Ont^»  472.  The  nitric  acid  of  commerce,  which  is  generally  red  and 

nrgsKai*.  fu^jng  jjj  conaequence  of  the  presence  of  binoxide  of  nitrogen,  is 
procured  by  the  aislillation  of  two  parts  of  nilre  with  one  of  sulphu- 
ric acid  i  these  proporliona  afford  about  one  part  of  orange-coloured 
nitric  acid  of  the  specific  gravity  of  1.48." 

Pirificatioa      473.  The  nitric  acid  of  commerce,  as  usually  obtained  is  impure. 

•fniiric  li  frequently  contains  portions  of  sulphuric  and  hydrochloric  acid. 
The  former  is  derived  from  the  acid  which  is  used  in  the  process  ; 
and  the  latter  from  sea-sail,  which  is  frequently  mixed  with  nitre. 
These  impurities  may  be  detected  by  adding  a  few  drops  of  a  solution 
of  chloride  of  barium  and  nitrate  of  silver  to  separate  piortions  of  ni- 
tric acid,  diluted  with  three  or  four  parts  of  distilled  water.  If  chlo- 
ride of  barium  cause  a  cloudiness  or  precipitate,  sulphuric  acid  must 
be  present ;  if  a  similar  effect  be  produced  by  nitrate  of  silver,  the 
presence  of  hydrochloric  iicid  may  be  inferred.  Nitric  acid  is  puri- 
ned  from  lulphuric  acid  by  redistilling  it  from  a  small  quantity  of 
nitrate  of  potassa,  with  the  alkali  of  which  the  sulphuric  acid  unites, 
and  remains  in  the  reton.  To  separate  hydrochloric  acid,  it  is  ne- 
cessary lo  drop  a  colution  of  nitrate  of  silver  into  the  nitric  acid  as 
long  as  a  precipitate  it  formed,  and  draw  off  the  pure  acid  by  disiil- 
tlftUon.f 

•  ■Upo 


tThe  dislillsiion  af  nitric  acid  may  be  conducted  upoo  the  small  scale  in  alDbulated 
glais  tetort  a,  with  a  lobalaled  receiver  6,  passing  into  the  boiilee,  (Pig.  141.)  The 
Tetjuisite  heat  is  obtained  bj  ilie  lamp  i,  and  the  wbols  appuilus  lupported  b;  [he 
iaiit  aiaud)  »iih  ilidiag  rings  e  e. 


apparatus,  employed  at  Apothec 

furnished  with  earlhen  ware  slop  cocks,  the  lost  ofwhich  has  a  tnbe  of  safely  dipping 
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For  pharmaceutical  purposes,  the  ordinaiy  acid  is  generally  suffi-    Secv  ni. 
ciently  pure.     If,  however,  pure  nitre,  and  pure  salphuric  acid  be 
employed  in  its  production,  and  the  latter  not  in  excess,  there  is  little 
apprehension  of  impurity  in  the  resulting  acid. 

474.  Liquid  nitric  acid  is  heavier  than  water,  in  the  proportion  of  SpeciAe 
1.5  or  upwards  to  1.  The  specific  gravity  of  real  nitric  acid,  which  g™v>*y- 
cannot,  however,  be  obtained  separately,  may  be  calculated  at  1.75. 

In  its  heaviest  form,  it  still  contains  a  portion  of  water,  which  is  es- 
sential to  its  existence  in  a  liquid  state.  In  acid  of  the  sp.  gr.  1.5  the 
water  amounts  to  20  per  cent.  It  possesses  acid  properties  in  an  em- 
inent degree.  A  few  drops  of  it  diluted  with  a  considerable 
quantity  of  water  form  an  acid  solution,  which  reddens  litmus  paper 
permanently.  It  unites  with  and  neutralizes  alkaline  substances, 
forming  with  them  salts  which  are  called  nitrates, 

475.  Nitric  acid  is  usually  coloured  by  nitrous  acid. 

To  expel  which,  put  the  acid  into  a  retort  to  which  a  receiver  is  applied,  the  Coloured 
two  Teasels  not  heing  luted,  but  joined  merely  bj  paj^r.    Apply  a  very  gentle  by  nitrous 
l^t  for  several  hours  to  the  retort,  changing  the  receiver  as  soon  as  it  Decomes  acid  gas. 
Hied  with  red  vapours.    The  nitrous  gas  will  thus  be  expelled,  and  the  nitric 
acid  will  remain  in  the  retort  limpid  and  colourless.    It  must  be  kept  in  a  bottle 
secluded  from  light.    H.  327. 

476.  Nitric  acid  emits  white  fumes  when  exposed  to  the  air,  and  Dcoompo- 
is  extremely  sour  and  corrosive.     It  effects  the  decomposition  of  ani-  mattera? 
mal   matters.     The  cuticle  and  nails  receive  a  permanent  yellow 

stain  when  touched  with  it ;  and  if  applied  to  the  skin  in  sufficient 
quantity  it  acts  as  a  powerful  cautery,  destroying  the  organization  of 
the  part  entirely. 

477.  It  boils  at  248*  F.,  and  maybe  distilled  over  without  any  Boiling 
essential  change.     An  acid,  weaker  than  1.42,  is  strengthened  by  ^'°^' 
being  boiled ;   while  an  acid,  stronger  than  1.42,  becomes  weaker  by 
boiling.     All  the  varieties  of  nitric  acid,  therefore,  are  brought,  by 
sufficient  boiling,  to  the  specific  gravity,  1.42,  which  appears  to  be 

the  most  energetic  combination  of  acid  and  water. 

478.  Nitric  acid  may  be  frozen  by  cold.     The  temperature  at  Freezing, 
which  congelation  takes  place,  varies  with  the  strength  of  the  acid. 

The  strongest  acid  freezes  at  about  50°  below  zero.  When  diluted  with 
half  its  weight  of  water,  it  becomes  solid  at — 14°  F.    By  the  addition 
of  a  little  more  water,  its  freezing  point  is  lowered  to — 45°  F.    Strong 
nitric  acid  absorbs  moisture  from  the  atmosphere ;  in  consequence  Absorbs 
of  which  it  increases  in  weight,  and  diminishes  in  specific  gravity.     ™®"*^''*- 

479.  When  two  parts  of  the  acid  are  suddenly  diluted  with  one  of  Mixed  with 
water,  an  elevation  of  temperature  is  produced  to  about  120°  F. ;  T^^^'* 
and  the  admixture  of  58  parts  by  weight  of  acid  of  specific  gravity  imSSuu. 
1.50  with  42  parts  of  water,  both  at  60°  F.,  gives  a  temperature  of 

140°.*  When  more  water  is  added  to  this  diluted  acid,  its  tempera- 
ture is  reduced.  Snow  or  ice  added  to  the  cold  dilute  acid  is  in- 
stantly liquefied  and  an  intense  degree  of  cold  produced. 

480.  When  very  concentrated  it  becomes  coloured  by  exposure  to  Effector 
the  sun*s  light,  passing  first  to  a  straw  colour,  and  then  to  a  deep  "^kur  light 
orange.     This  effect  is  produced  by  the  union  of  the  light  of  the  sun 

*  Ure.    See  table  of  fetreogth  of  dilated  acid  in  Appendix. 
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Chap.  Ill,  with  oxygen,  Id  conseqaeDce  of  which  the  proportioa  of  that  princi- 
.  pie  to  the  nitrogen  is  dimiuished.     By  exposing  it  to  the  sun's  rays 
in  a  gas  bottle,  the  bent  tube  of  which  terminates  under  water,  oxy- 
gen gas  may  be  procured.     H.  i.  331. 

481.  This  acid  retains  its  oxygen  with  but  little  force,  and  hence 
is  much  employed  by  chemists  for  bringing  bodies  to  their  maximum 
of  oxidation,  it  is  decomposed  bv  all  combustible  bodies,  which  are 
oxygenized  by  it,  with  more  or  less  rapidity  in  proportion  to  their 
affinity  for  oxygen. 

Poured  on  perfectly  dry  and  powdered  charcoal  it  excites  the  com- 
bustion of  the  charcoal,  which  becomes  red-hot,  and  emits  an  im- 
roense  quantity  of  fumes. 
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Its  action  on  phoapborus  is  often  extremelj  violent,  and  creat         Fif •  l^ 
care  should  be  taken  to  avoid  accident.    A  few  pieces  of  pnoa-      ^^ 

phorus  may  be  placed  in  the  bottom  of  a  tall  and  stronc  glass,  (^^^L 

and  the  acid  be  poured  upon  it  from  a  vessel  attached  to  the  end  ^T^C^ 
of  a  long  rod  of  wood.*    (Fig.  1 43.) 


All  vegetable  substances  are  decomposed  by  it.  In 
general  the  oxygen  of  the  nitric  acid  enters  into  direct 
combination  with  the  hydrogen  and  carbon  of  those 
compounds,  forming  water  with  the  former,  and  car- 
bonic acid  with  the  latter.  This  happens  remarkably 
in  those  compounds  in  which  hydrogen  and  carbon  are 
predominant,  as  in  alcohol  and  the  oils* 

It  inflames  essential  oils  when  suddenly  poured  on  them. 

Into  a  gallipot,  placed  upon  a  hearth  and  containing  about  a  table  spoonful  of 
oil  of  turpentine,  pour  about  half  the  quantity  of  the  strong  acid,  previously 
mixed  wiui  a  few  drops  of  sulphuric  acid.  The  moment  the  aeids  come  in  con- 
tact with  the  turpentine,  a  large  quantity  of  dense  smoke  will  be  produced,  often 
accompanied  witn  flame.  The  acid  should  be  poured  from  a  bottle  tied  to  the 
end  of  a  long  stick,  otherwise  the  operator's  eyee  may  be  severely  injured. 

482.  It  is  also  decomposed  by  metals,  with  different  phenomena, 
according  to  the  affinity  of  each  metal  for  oxygen. 

This  may  be  seen  by  pouring  some  strong  nitric  acid  on  iron  filings, 
or  powdered  tin.  The  acid  must  be  of  greater  density  than  1.48, 
otherwise  it  will  not  produce  the  effect.  Violent  heat,  attended  with 
red   fumes,  will  be  produced,  and   the  metals  will  be  oxidized. 

When  oxidation  is  effected  through  the  medium  of  nitric  acid,  the 
acid  itself  is  commonly  converted  into  binoxide  of  nitrogen.  This 
gas  is  sometimes  given  off  nearly  quite  pure ;  but  in  general  some 
nitrous  acid,  protoxide  of  nitrogen,  or  pure  nitrogen,  is  disengaged 
at  the  same  time. 

483.  Nitric  acid  may  be  decomposed  by  passing  its  vapour  through 
a  red  hot  porcelain  tube ;  oxygen  is  given  off,  nitrous  acid  gas  is 
produced,  and  a  quantity  of  diluted  acid  passes  over  into  the  receiver, 
having  escaped  decomposition  ;  so  that  it  is  thus  proved  to  consist  of 
nitrous  acid  gas,  oxygen  and  water. 

For  experiments  of  this  kind  the  form  of  apparatus,  described  for 
the  decomposition  of  water  by  iron  (405),/ may  be  employed,  omitting 
the  condensing  worm-pipe,  and  substituting  a  porcelain  tube. 

484.  All  the  salts  of  nitric  acid  are  soluble  in  water,  and,  there* 


*See  Hare's  Ompend^  171. 
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fore,  it  is  impossible  to  precipitate  that  acid  by  any  re«agent.  The  g^cu  iv. 
presence  of  nitric  acid,  when  uncombined,  is  readily  detected  by  its 
strong  action  on  copper  and  mercury,  emitting  ruddy  fumes  of  nitrous 
acid,  and  by  its  forming  with  potassa  a  neutral  salt,  which  crystallizes 
in  prisms,  and  has  all  the  properties  of  nitre.  Gold-leaf  is  a  still  more  Tesu  of. 
delicate  test.  When  hydrochloric  acid  is  added  to  the  solution  of  a 
nitrate,  chlorine  is  disengaged,  and  the  liquid  hence  acquires  the 
property  of  dissolving  gold-leaf;  but  as  the  action  of  hydrochloric 
acid  on  the  salts  of  chloric,  bromic,  iodic,  and  selenic  acids  likewise 
yields  a  solution  capable  of  dissolving  gold,  no  inference  can  be  drawn 
from  the  experiment,  unless  the  absence  of  these  acids  shall  have 
been  previously  demonstrated.  A  very  delicate  test  has  been  pro- 
posed by  0*Shaugnessy,  founded  on  the  orange-red  followed  by  a 
yellow  colour,  which  nitric  acid  communicates  to  roorf^ia.  The 
supposed  nitrate  is  heated  in  a  test  tube  with  a  drop  of  sulphuric 
acid,  and  then  a  crystal  of  morphia  is  added.^  It  is  advisable  to  try 
the  process  in  a  separate  tube  with  the  sulphuric  acid  alone,  in  order 
to  prove  the  absence  of  nitric  acid.     T. 

485.  Nitric  acid  is  of  considerable  use  in  the  arts.     It  is  employed  ^*^'' 
for  etching  on  copper,  as  a  solvent  of  tin  to  form  with  that  metal  a 
mordant  for  some  of  the  finest  dyes ;  in  metallurgy  and  assaying ; 

in  various  chemical  processes,  on  account  of  the  facility  with  which 
it  parts  with  oxygen  and  dissolves  metals ;  in  medicine  as  a  tonic, 
ice.     For  the  purposes  of  the  arts  it  is  common! v  used  in  a  diluted  j^  ^^ 
state,  and  contaminated  with  the  sulphuric  and  hydrochloric  acids,  by  fonis* 
the  name  of  aqua^fortisA 

Section  IV.     Carbon, 

Synib,  S^.  Or.  (hypothtlical.)  Oiem.  Equiv. 

C.  0.4916  air    =sl  By  Vol.    100 

S.I2    H7d.=l  **  Wght.    6.12 

486.  The  purest  form  of  carbon  is  the  diamond ;  from  its  powers  Por^t 
of  refracting  light,  Newton  inferred  that  it  was  a  combustible  body.  °""' 
The  diamond  is  the  hardest  substance  in  nature.     Its  texture  is 
crystalline  in  a  high  degree,  and  its  cleavage  very  perfect.     Its  pri- 
mary form  is  the  octohedron.     Its  specific  gravity  is  3.62.     Acids 

and  alkalies  do  not  act  upon  it ;  and  it  bears  the  most  intense  heat 
in  close  vessels  without  fusing  or  undergoing  any  perceptible 
change.  Heated  to  redness  in  the  open  air,  it  is  entirely  consumed. 
Lavoisier  first  proved  it  to  contain  carbon  by  throwing  the  sun's 
rays,  concentrated  by  a  powerful  lens,  upon  a  diamond  contained  in 
a  vessel  of  oxygen  gas.  The  diamond  was  consumed  entirely,  oxy- 
gen disappeared,  and  carbonic  acid  was  generated.  It  has  since 
been  demonstrated  by  the  researches  of  others,  that  carbonic  acid  is 
the  product  of  its  combustion. I 

*  Lancet,  1829—30.  , 

t  This  is  often  prepared  by  mixing  common  nitre  with  an  equal  weight  of  sulphate 
of  iron,  and  half  its  weiffbt  of  the  same  sulphate  calcined,  and  distilling  the  mixture ; 
or  by  mixing  nitre  with  twice  its  weiffbt  of  dry  powdered  clay,  and  distilling  in  a 
reverberatory  furnace.  Two  kinds  are  round  in  the  shops,  one  called  double  aqua- for' 
tu,  which  is  about  half  the  strength  of  nitridacid ;  the  other  simply  aqua-Joriia,  which 
IS  half  the  strength  of  the  double. 

t  For  a  descrintion  and  plates  of  the  Tarioas  forms  of  apparatus  contrived  for  the 
combustion  of  trie  diamond,  see  Henry's  and  Brande's  toIs.  i. ;  also  1st  and  2d 
editions  of  this  Manual, 
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487.  Guyton-Morveau  inferred  from  his  experifoents  that  the  dia* 
mond  is  pure  carbon,  and  that  charcoal  is  an  oxide  of  carbon.  Ten- 
nant  burned  diamonds  by  heating  them  with  nitre  in  a  gold  tube ; 
and  comparing  his  own  results  with  those  of  Lavoisier  on  the  com- 
bustion of  charcoal,  he  concluded  that  equal  weights  of  diamond  and 
pure  charcoal,  in  combining  with  oxygen^  yield  precisely  equal 
quantities  of  carbonic  acid.  He  was  thus  induced  to  adopt  the  opin- 
ion, that  charcoal  and  the  diamond  are  chemically  the  same  sub* 
stance  ;  and  that  the  difference  in  their  physical  character  is  solely 
dependent  on  a  difference  of  aggregation.^  This  conclusion  was 
confirmed  by  the  experiments  of  Allen  and  Pepys,t  and  Davy.t  ^ 

Another  form  of  carbon  is  charcoal^  the  purest  variety  of  which  is 
lamp-blacIcW 

488.  Charcoal  may  be  prepared  by  heating  pieces  of  wood,  cover- 
ed with  sand,  to  redness,  and  keeping  them  in  that  state  for  about 
an  hour.  They  are  converted  into  a  black  brittle  substance,  which 
appears  to  be  the  same  from  whatever  kind  of  wood  it  has  been  pro- 
cured. 

Lamp-black  is  prepared  from  refuse  and  residuary  resin.  When 
lamp- black  has  been  heated  red-hot  in  a  close  vessel,  it  may  be  con- 
sidered as  very  pure  carbon.  A  very  pure  charcoal  is  obtained 
from  spirits  of  wine. 

Animal  charcoal,  or  ivory  black,  is  a  mixture  of  charcoal  and  phos- 
phate of  lime,  prepared  by  exposing  bones  to  heat  in  a  ciose  vessel. 
The  quantity  of  charcoal  obtained  from  difllerent  kinds  of  wood  is 
liable  to  much  variation. 

489.  Charcoal  is  black,  insoluble,  inodorous,  insipid,  and  brittle  ,* 
an  excellentconductor  of  electricity,  but  a  bad  conductor  of  heat;  un- 
changed by  the  combined  action  of  air  and  moisture  at  common  tem- 
peratures ;  and  easily  combustible  in^'oxygen  gas.  The  combustion  of 
charcoal  in  oxygen  has  been  already  noticed.  (367)  The  product  of 
the  combustion  is  carbonic  acid  gas,  the  oxygen  neither  increasing 
nor  diminishing  in  volume,  but  becoming  heavier  by  the  quantity  of 
carbon  which  combines  with  it ;  every  sixteen  parts  of  oxygen  take 
up  six  uf  carbon. 

490.  Charcoal  likewise  absorbs  the  odoriferous  and  colouring  prin- 
ciples of  most  animal  and  vegetable  substances.  When  coloured 
infusions  of  this  kind  are  digested  with  a  due  quantity  of  charcoal,  a 
solution  is  obtained,  which  is  nearly  if  not  quite  colourless.  Tainted 
flesh  may  be  deprived  of  its  odour  by  this  means,  and  foul  water  be 
purified  by  fihration  through  charcoal.  The  substance  commonly 
employed  to  decolorize  fluids  is  animal  charcoal  reduced  to  a  fine 
powder.  It  loses  the  property  of  absorbing  colouring  matters  by  use, 
but  recovers  it  by  being  heated  to  redness. 

*  Pha.  Tran:  for  1797.  t  Ibid,  1807.  tlbid,  1614. 

§  The  tatter  chemist  did  indeed  observe  the  productioo  of  a  minute  quantity  of  water 
during  the  combustion  of  the  purest  charcoal,  indicative  of  a  trace  oi  hydrogen ;  but 
its  quantity  is  so  small,  that  it  cannot  he  regarded  as  a  necessary  constituent.  It 
proves  only  that  a  trace  of  hydrogen  is  retained  by  charcoal  with  such  force,  that  it 
cannot  be  expelled  by  the  temperature  of  ignition.    T. 

II  Graphite^  or,  as  commonly  called  black  teady  is  a  natural  compound  of  carbon  and 
iron ',  some  varieties  appear  to  be  a  peculiar  form  of  carbon,  leaving  very  little  residu- 
um when  burned.    AnihracUe  is  another  variety. 
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491.  The  charcoal  of  wood,  besides  its  use  as  a  fuel,  is  necessary    gxt'iV' 
to  the  preparation  of  that  kind  of  iron  which  is  used  for  wire;  to  the  Uteintlw 
cementation  of  steel ;  and  to  the  preparation  of  gunpowder.     From  ^*^^ 
the  powerful  affinity  which  it  has  for  oxygen  at  a  high  temperature, 

it  is  constantly  employed  for  deoxidating  the  metals  and  many  other 
substances. 

The  charcoal  prepared  from  pit-coal,  called  coke^  is  less  pure,  and,  q^^ 
besides  other  substances,  generally  contains  sulphur,  but  it  has  the 
advantage  of  being  heavier  and  more  compact,  in  consequence  of 
which  it  is  better  adapted  for  burning  in  furnaces  in  which  there  is  a 
powerful  blast  of  air.    H.  i.  33o. 

492.  When  large  quantities  of  charcoal,  in  a  state  of  minute  divi-  Spontana- 
sion,  are  left  undisturbed,  spontaneous  combustion  generally  ensues,  ?"*J°"*'*. 
and  occasionally  with  charcoal  in  fragments  of  considerable  size,  charooil. 
This  has  been  attributed  to  the  action  of  air  and  moisture  on  minute 
quantities  of  potassium  present  in  the  coal.^ 

493.  The  hypothetical  density  of  the  vapour  of  carbon,  calculated  l>«»ity. 
as  explained  at  page  33,  is  0.4215,  and  100  cubic  inches  of  it  should 
weigh  13.0714  grains. 

Carbon  and  Oxygen, 

494  There  are  two  compounds  of  carbon  and  oxygen ;  carbonic 
oxide  and  carbonic  acid  gases.     Carbonic  oxide  gas  is  theoretically  Compoonds 
considered  as  a  compound  of  100  measures  of  the  vapour  of  carbon  of  cui>on 
and  50  of  oxygen  condensed  into  100  measures  ;  and  carbonic  acid  ^n.^^* 
gas,  of  100  measures  of  the  vapour  of  carbon  and  100  of  oxygen 
condensed  into  100  measures. 

The  composition  of  these  compounds  of  carbon  is  as  follows : —     Comnoai- 

Cartxm.  OzygMi.  Xfniv.      Farmdm.  tioo. 

Carbonic  oxide      6.12  or  1  eq.    +    8  or  1  eq.  s=  14.12  C+0  or  C. 
Carbooio  acid        6.12  or  1  eq.    +  16  or  2  eq.  =  92.12  C+20  or  6. 

Carbonic  Acid. 

495.  Carbonic  acid  was  discovered  by  Black  in  1757,  and  de-  £|K|^'^ 
scribed  by  him  under  the  name  of  Jtced  air.  He  observed  the  exist- 
ence  of  this  gas  in  common  limestone  and  magnesia,  and  found  that 
it  may  be  expelled  from  these  substances  by  the  action  of  heat.  It 
may  be  obtained  by  burning  carbon,  either  pure  charcoal  or  the  dia- 
mond, in  oxygen  gas.  The  best  mode  of  procuring  it  for  experiment 
consists  in  acting  upon  marble  {carbonate  of  lime)  by  dilute  hydro- 
chloric acid.  The  hydrochloric  acid  takes  the  lime,  and  carbonic 
acid  gas  escapes  with  effervescence. 

For  this  purpose  the  marble,  in  fraffmenta,  ia  placed  in  the  gaa  bottle  (Fig.  85 
or  86)  and  nyorochloric^acid,  previoualy  diluted  with  water,  poured  upon  it :  im- 

*  See  Aabert's  paper  on  this  subject  in  PhU,  Mar.  and  Arm.  N.  S.,  Vol.  ix, 
US,  and  Hadfield*s  and  Davies's  papers  in  Lmd.  and  Edin.  Phil,  Mag.  iii. 
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Chap.  Ill,  mediate  efTerveacence  ensues,  and  the  gas  is  Fif.  144. 

"'^  '  conveyed  by  the  bent  pipe  to  an  inverted  jar 

on  the  shelf  of  the  pneumatic  trough,  (Fics. 
96,  97.)  When  the  action  ceases,  it  may  be 
renewed  by  the  addition  of  fresh  acid  until 
the  marble  is  dissolved. 

Or  the  apparatus,  (Fig.  1,44,)  may  be  em- 
ployed, the  acid  being  poured  down  the  tube 
6,  which  passes  to  the  bottom  of  the  two 
necked  bottle,  a. 

As  carbonic  acid  gas  is  heavier  than  at- 
mospheric air  it  may  also  be  obtained  by 
means  of  the  apparatus,  (Fig.  145) ;  a  is  a  long 
glass  tube  proceeding  from  the  bottle  contain- 
ing the  marble  and  acid,  and  passing  down  to  the  bottom  of 
the  jar  6,  which  stands  with  its  mouth  uppermost.  The  car- 
bonic acid  will  expel  the  common  air  from  the  jar. 

496.  Carbonic  acid,  as  thus  procured,  is  a  colour- 
less, inodorous,  elastic  fluid,  which  possesses  all 
the  physical  characters  of  the  gases  in  an  eminent 
degree,  and  requires  a  pressure  of  thirty  six  atmos- 
pheres to  condense  it  into  a  liquid.  The  exact  know- 
ledge of  its  density  is  still  an  important  desidera- 
tum: it  is  estimated  at  1.524  by  Dulong  and 
Berzelius,  and  at  1.5277  by  Thomson.^  If  its  specific  gravity  is  es- 
timated as  1.5239,  100  cubic  inches  should  weigh  47.2^6  grs.    T. 

497.  Carbonic  acid  may  be  collected  over  water,  but  roust  be  pre- 
served in  vessels  with  glass-stoppers,  since  water,  at  common  tempe- 
rature and  pressure,  takes  up  its  own  volume. 

Fill  partly  a  jar  with  this  gas,  and  let  it  stand  a  few  hours  over  water.  An 
absorption  will  gradually  go  on,  till  at  last  none  will  remain.  This  absorption  is 
infinitely  quicker  when  agitation  is  used.  Repeat  the  above  experiment,  with 
this  difierence,  that  the  jar  must  be  shaken  strongly.  A  veir  rapid  diminution 
will  now  take  place.  In  this  manner,  water  may  be  charsea  with  rather  more 
than  its  own  bulk  of  carbonic  acid  gas ;  and  it  acquires,  wnen  thus  saturated,  a 
brisk  and  pleasant  taste. 

49S.  The  effervescent  quality,  and  brisk,  pungent  taste  of  ferment- 
ed liquors  is  due  to  the  presence  of  this  gas,  as  is  likewise  that  of 
many  mineral  waters.  The  latter  are  often  imitated  by  condensing 
carbonic  acid  into  water,  either  by  a  condensing  pump,  of  which  a 
description  is  given  by  Pepy's,!  or  by  a  Nooth's  apparatus,  as  repre- 
sented in  Fig.  146. t 


..L 


Absorbed 
by  water. 


Rxp« 


Water  im- 
pregnated. 


Nooth'i  kppA- 
ratu. 


♦  F%r»t  PrmapU$t  i.  143. 

t  Quor.  Jour.  qfSci,  and  the  ArUf  vol.  iv.  p.  305. 

t  It  consists  of  three  Teasels,  the  lowest,  a,  flat  and  broad,  so 
as  to  form  a  steady  support :  it  contains  the  materials  for  eroW- 
ing  the  gas,  soch  as  pieces  of  marble  and  dilate  hydrochloric 
acid,  of  which  fresh  supplies  may  occasionally  be  introduoed  throu^ 
the  stopped  aperture.  The  gas  passes  through  the  tube  6,  m 
which  is  a  glass  tsIts  opening  upwards,  into  the  vessel  c,  contain- 
ing the  water  or  solution  intended  to  be  saturated  with  the  gas, 
and  which  may  occasionally  be  drawn  off  by  the  glass  stop-cock. 
Into  this  dips  the  tube  of  the  uppermost  vessel  d^  which  occa- 
sions some  pressure  on  the  gas  in  e,  and  also  produces  a  circulation 
and  agitation  of  the  water.  At  the  top  of  d  is  a  conical  stopper, 
which  acts  as  an  occasional  valve,  and  keeps  up  a  degree  of  pressure 
in  the  vesseb. 


Fi«146. 
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in  height,  on  ihe  piste  of  the  »ir-pump,  co»ering  it  with 
■  tall  teceiTer,  (md  eibaoniiig  tha  air.  Tbe  foam  will 
lue  aadantirelj  fill  Ibe  jar  oi  tuba. 

Under  a  pressure  of  Ino  atmospheres  water 
dissolves  [wice  its  volume  of  this  gas,  and  so 
oD.  It  thus  becomes  brlilf  and  tart,  and  red- 
decs  delicate  vegetable  blues.  By  fieeziog, 
boiling,  OT  exposure  lo  the  vacuum  of  Ihe  air- 
pump,  the  gas  ia  giveti  off. 

Plsce  a  tumblOT  of  water  which  bai  been  impregnated 
with  this  gas  (the  •oda-watei  of  the  ihopa  for  example)  ^^P- 

Qoder  the  receivai  of  the  lir-pump,  and  eihauat  it;  tfae 
gaa  wilt  escape  to  rapidly  aa  to  pnuent  tho  appearance 
of  ebullition ;  and  wul  be  much  more  remarkable  than 
tbe  diecharge  of  air  from  another  Te»el  of  comiDOn 
■pring  water,  confined  at  the  aama  time  under  Ibe  receiver. 

499.  If  the  impregnated  water  be  rapidly  congealed,  by  surround-  Expelled 
ing  it  with  a  inixtare  of  snow  and  salt,  the  frozen  water  bas  more  fajrftceting. 
the  appearance  of  snow  than  of  ice,  its  bulk  being  prodig'iously  in- 
creased by  Ihe  immense  number  of  air  bubbles.     When  water,  thus 
congealed,  is  liquefied  again,  it  is  found,  by  its  taste,  and  other  pro- 
pertiea,  to  have  lost  nearly  the  whole  of  its  carbonic  acid. 

500,  Carbonic  acid  extinguishes  burning  substances  of  all  kinds, t^^**"*" 
and  the  combustion  does  not  cease  front  the  want  of  oxygen  only.  It'o^^n'^. 
exerts  a  positive  influence  in  checking  combustion,  as  appcnrs  from  lion. 
the  fact  that  a  candle  cannot  burn  in  a  gaseous  mixture  composed  of 

four  measures  of  atmospheric  air  and  one  of  carbonic  acid. 

This  may  be  shown  by  setting  a  venel  filled  with  the  gas,  with  tbe  mouth  up-  Bip, 
wank,  and  letting  down  ■  lighted  candle. 

The  experiment  may  he  varied  by  plodng  near  the  veeael  containing  the 
caibonie  acid  ni,  ■  limilar  one  filled  with  oxyien  gaa,  and  if  the  candle,  •ftor    ' 
being  extinruiMied  bj  the  carbonic  acid  be  speedilj  immemd  in  the  oxygen  lai 
it  wul  be  relighted,  and  tbia  may  be  repeated  ac  long  aa  the  gseea  remain  in  the 

dOl,  It  is  not  better  qualified  to  support  the  respiration  of  animnlit;^.'*!  t° 
for  its  presence,  even  in  moderate  proportion,  is  soon  fatal. •  An  nni-""""*^' 
mal  cjinnol  live  in  air  which  conlaina  sufficient  carbonic  acid  for  ex- 
tinguishing a  lighted  candle  ;  and  beoce  the  practical  rule  of  letting 
down  a  burning  taper  into  old  wells  or  pits  before  any  one  ventures 
to  descend.  If  tbe  light  is  extinguished,  tbe  air  is  certainly  impure ; 
and  there  is  generally  thoughl  to  be  no  danger  if  the  candle  conti- 
nues to  burn.  But  instances  have  been  known  of  the  atmnspbcre 
being  sufficiently  loaded  with  carbonic  acid  to  produce  insensibility, 
and  yet  not  so  impure  as  to  extinguish  a  burning  candle. t  When 
an  attempt  is  made  to  inspire  pure  carbonic  acid,  violent  spasm  of 

*By  meui  of  this  gu.  bntterdiee,  and  other  insects,  lbs  colours  of  which  it  is  de- 
•liable  lopre*erTe,fbr  tbe  parpoM  of  fabinet  epecimeDS,  may  be  Hiflacated  better  than 
by  the  cemnum  mode  of  killilg  tbem  by  the  fuBUH  of  salphur.     H. 

t  Chrintiion  on  Poiioiu,  3d  ed.  707. 

Two  inilancei  recently  occnrred  at  Cimbridfje,  where  ■  candle  continued  burning 
in  an  apartmeat  in  which  two  men  were  found  laMniible,  one  was  with  great  difli- 
cuky  recoTcrsd,  the  olhei  died.    W. 


1^  Ckarbim  and  Oxj^tn. 

ON^'Mi'  the  glottis  takes  place,  which  prerents  the  gas  from  entering  the 
lungs.  If  it  be  so  mach  dilated  with  air  as  to  admit  of  its  passing 
the  glottis,  it  then  acts  as  a  narcotic  poison  on  the  system.  It  is  this 
gas  which  has  often  proved  destructiye  to  persons  sleeping  in  a  con- 
fined room  with  a  pan  of  burning  charcoal. 
Su^tmott-  ^^'  ^*^^°*^  ^^^^  8^'  ^'  heavier  than  atmospheric  air,  and  may 
photic  sir.   ^  poured  from  one  vessel  into  another  like  water. 

Bzp.  Place  a  lighted  taper  at  the  bottom  of  a  tall  alaM  jar,  aod  poor  the  gaa  oat  of  a 

bottle  ioto  It ;  it  deaoendi  and  eKtiBguiahea  the  flame,  aod  will  remain  a  long 
time  in  the  lower  part  of  the  jar. 

Hence  in  wells  and  in  some  caverns,  carbonic  acid  gas  frequently 

occupies  the  lower  parts,  while  the  upper  parts  are  free  from  it  The 

miners  call  it  choak  damp,  ^ 

PkMteatee       503.  When  combined  with  water  this  gas  reddens  vegetable  co* 

vntiei^     lo^^*     '^^^^  ^^7  ^  shown  by  dipping  into  water,  thus  impregnated, 

^^  '       a  bit  of  litmus  paper,  or  by  mixing,  with  a  portion  of  it,  about  an 

equal  bulk  of  the  infusion  of  litmus.     This  establishes  the  title  of  the 

gas  to  be  ranked  among  acids.  When  an  infusion  of  litmus  which  has 

been  thus  reddened,  is  either  heated,  or  exposed  to  the  air,  its  blue 

colour  is  restored,  in  consequence  of  the  escape  of  the  carbonic  acid. 

This  is  a  marked  ground  of  distinction  from  most  other  acids,  the 

effect  of  which  is  permanent,  even  after  boilingf 

Test  of  ite      ^4  Carbonic  acid  gas  precipitates  lime-water — this  character  of 

V^'^'^'    the  gas  affords  a  ready  test  of  its  presence,  whenever  it  is  suspected. 

Bzp.  Pofl9  the  caa  aa  it  proceeds  from  the  materials,  through  a  portion  of  lime-water. 

This,  though  perfectly  transparent  before,  will  grow  milkj  :  Or,  mix  equal  mea- 
sures  pf  water  saturated  with  carbonic  acid,  and  lime-water. 

By  means  of  lime-water,  the  whole  of  any  quantity  of  carbonic 
acid,  existing  in  a  mixture  of  gases,  cannot,  however,  be  removed,  but 
recourse  must  be  had,  in  order  to  effect  an  entire  alffiorption,  to  a  so- 
lution  of  caustic  potassa  or  soda.^ 
A  prednct  505.  As  all  common  combustibles,  such  as  coal,  wood,  oil,  wax, 
o^m  us-  juIIq^^  j^^  contain  carbon  as  one  of  their  component  parts,  so 
the  combustion  of  these  bodies  is  always  attended  by  the  production 
of  carbonic  acid. 

Exp.  }'  l^ot  the  chimney  of  a  portable  furnace,  in  which  charcoal  is  burning  ter- 

minate, at  a  distance  sufficiently  remote  to  allow  of  its  being  kept  cool,  in  the 
bottom  of  a  barrel,  provided  with  a  moveable  top,  or  of  a  large  glass  vessel,  having 
two  opNBninn.  A  small  jar  of  lime-water  being  let  down  inio  the  tube  or  vessel, 
and  agitated,  the  lime-water  will  immediately  become  milky.  The  gas  will  also 
extin^ish  burning  bodies,  and  prove  fatal  to  animals  that  are  confined  in  it. 

^^*  *2.  Till  the  pneumatic  trougo  with  lime-water,  and  burn  a  candle,  in  a  jar 

filled  with  atmospheric  air,  over  the  lime-water  till  the  flame  is  extinguished. 
On  agitatinc  the  jar,  the  lime-water  will  become  milky.  The  same  appearancea 
will  take  place,  more  speedily  and  remarkably  if  oxygen  gas  be  substituted  for 
common  air.    H.  1.361. 

And  of  rea-     506.  It  is  also  produced  by  the  respiration  of  animals ;  hence  it  is 
I*"*^^*      detected  often  in  considerable  proportion,  in  crowded  and  illuminated 

rooms,  which  are  ill- ventilated,  and  occasions  difficulty  of  breathing, 

giddiness,  and  faintneas. 

*  If  excess,  either  of  the  gas  or  of  its  aqueous  solution,  be  added  to  the  lime-water, 
the  precipitate  ia  re-dissolved,  carbonate  of  lime  being  soluble  in  carbonic  acid. 
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The  production  of  carbonic  acid,  by  respiration,  may  be  proved  by    8>6t-nr. 
blowing  the  air  from  the  lungs,  with  the  aid  of  a  quill,  through  lime- 
water,  which  will  become  milky. 

607.  Carbonic  acid  retards  the  putrefaction  of  animal  substances.  Retards  pa. 

It  exerts  powerful  effects  on  liiiDg  vegetables.     These  effects,  J^  ^g-^^' 
however,  vary  according  to  the  mode  of  its  application.    Water  sa-  onvegeta- 
turated  with  this  gas,  proves  highly  nutritive  when  applied  to  the  bltt. 
roots  of  plants.    The  carbonic  acid  is  decomposed,  its  carbon  form- 
ing a  component  part  of  the  vegetable,  and  its  oxygen  being  liberated 
in  a  gaseous  form. 

On  the  contrary,  carbonic  acid,  when  a  living  vegetable,  is  con- 
fined in  the  undiluted  gas  over  water,  is  injurious  to  the  health  of 
the  plant,  especially  in  the  shade. 

It  is  this  process  of  nature  that  appears  to  be  the  principal  means 
of  preventing  an  excess  of  carbonic  acid  in  the  general  mass  of  the 
atmosphere,  which,  without  some  provision  of  this  kind,  must  gradu- 
ally, in  the  course  of  ages,  be  rendered  less  and  less  fit  for  respira- 
tion. 

508.  Carbonic  acid  was  first  obtained  in  a  liquid  form  by  Faraday,  Liqaef«c- 
from  carbonate  of  ammonia  and  sulphuric  acid.     Very  strong  tubes  ^bonic 
are  required,  and  evon  those  which  have  held  fluid  carbonic  acid  for  acid, 
many  days,  have,  upon  a  slight  elevation  of  temperature,  spontane- 
ously exploded  with  great  violence.    Great  care  is  necessary,  and 
the  protection  of  a  glass  mask,  goggles,  &c.,  in  repeating  the  pro- 
cess with  glass  tubes.     The  liquid  acid  is  a  limpid,  colourless  body, 
extremely  fluid,  distilling  readily  at  the  difference  of  temperature 
between  32°  and  0°.    Its  refractive  power  is  much  less  than  that  of 
water.    Its  vapour  exerts  a  pressure  of  thirtysix  atmospheres  at  a 
temperature  oi  32°.* 

A  safer  method  of  obtaining  the  liquid  acid  as  contrived  by  Thil-  Solidifica- 
lorier,  is  with  the  aid  of  a  strong  metallic  apparatus  in  which  it  may  ^^  ^* 
be  condensed  mechanically.  When  allowed  to  escape  from  a  stop- 
cock attached  to  the  receiver,  the  liquid  gas  expands  with  so  much 
rapidity  that  great  absorption  of  caloric  attends,  and  a  part  of  the  gas 
is  rendered  solid,  resembling  snow.  A  reduction  of  temperature  to 
— *162°  is  said  to  have  been  obtained  by  this  means ;  hence  mercury 
can  be  readily  frozen  by  it.t 

" r  -        -  1 1 f    -  t    w . 

*  Faraday,  PkU.  TranM. 

t  See  Loud,  and  Edm.  Phil.  Mag;  z.  168. 

The  ejperimenu  of  Thillorier  hare  heen  repeated  by  Mitchell  of  Philadelphia,  by 
means  of  an  apparatus  consisting  of  two  strong  ressels  of  cast  iron.  The  two  tessels 
can  be  firmly  attached,  a  stop-cock  being  interposed.  The  gas  is  generated  in  the 
larger  TesseK  The  materials  emi>loyed,  are  lilbs.  of  bicarbonate  of  soda,  24  ounces 
of  water,  and  9  ounces  of  sulphuric  acia ;  the  latter,  bein^  placed  in  a  smaller  ressel 
which  is  enclosed  in  the  cylinder,  is  not  allowed  to  come  m  contact  with  the  bicarbo- 
nate of  soda  until  the  aperture  by  which  it  is  introduced  has  been  firmly  secured,  when 
the  cylinder  is  brought  to  a  horizontal  position  and  the  liquids  are  mingled.  The  re« 
eeiver,  preTiouslv  cooled  by  ice,  is  now  attached,  and  the  liquid  carbonic  acid  allowed 
to  pass  into  it,  irom  which  it  may  be  permitted  to  escape  as  wanted. 

The  pressure  at  32®  was  found  by  Mitchell  to  be  86  atmospheres,  at  66®,  60  atmos- 
pheres, and  St  86®,  72  atmospheres.  The  condensed  acid  obtained  by  Mitchell,  when 
recentlj  formed  was  about  toe  weight  of  carbonate  of  magnesia,  penectly  white,  and 
of  a  son  and  spongj  teztnra.  It  evaporates  rapidly,  becoming  colder,  and  the  mass  may 
be  kept  for  some  time.  A  quantity  weiahing  346  erains  lost  from  three  to  four  grains 
per  minute  at  first,  but  did  not  entirely  disappear  for  three  hours  and  a  half.    The  na- 
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Oh>p.  in.  509.  Carbonic  acid  combines  with  bases,  and  the  compounds  are 
Carbon-  termed  carbojuUes :  as  it  is  usually  retained  in  combination  by  very 
•tet.  feeble  affinity,  so  it  is  evolved  from  roost  of  the  carbonates  by  the 

simple  operation  of  heat.  Thus  chalk,  when  heated,  gives  out  car- 
Efferres-  bonic  acid,  and  becomes  quicklime.  It  is  also  evolved  from  its  com- 
cence.  binatioDs  by  most  of  the  other  acids,  with  effervesceTue, 
^*^rudn^^  610.  The  quantity  of  carbonates  in  any  saline  mass,  may  be  as- 
ingqaanti-  certained  by  noting  the  quantity  of  carbonic  acid  disengaged.  This 
ties  of  car-  may  be  done  by  measuring  the  volume  of  gas,  or  by  ascertaining  its 
bonic  acid,  ^efgijt. 

In  tbe  first  case,  tbe  easiest  method  of  proceeding  is  to  fill  a  long  tube  (closed 
at  one  end,  and  capable  of  containing  two  or  three  cubic  inchei),  nearly  fiill  of 
mercury,  filling  it  completely  aflerwards  with  hydrochloric  acid  diluted  with  an 
equal  quantity  of  water.  The  thumb  is  placed  over  this,  after  dipping  it  in  oil, 
or  rubbing  it  over  with  a  little  gas  lute,*  the  tube  inverted,  and  placed  in  a  cup 
of  mercury.  One  or  two  grains  of  the  solid  salt  are  then  introduced  into  the  tube, 
(the  experiment  is  most  easily  performed  with  a  firagment  of  some  carbonate,) 
and  the  moment  it  rises  to  the  top,  and  comes  in  contact  with  the  acid,  the  car- 
bonic acid  is  disengaged  with  effervescence,  depressing  the  mercury,  and  its 
amount  is  estimatea  by  examining  the  volume  which  it  occupies  and  making  the 
usual  corrections;  one  equivalent  of  carbonic  acid  indicating  one  equivalent  of  a 
carbonate,  whatever  may  be  the  nature  of  tbe  base. 

In  the  other  method,  a  thin  glass  fiask  or  bottle,  of  the  form  shown  in  Fig.  148, 
is  placed  on  one  of  the  scales  of  a  balance  with  some  hydrochloric  acid,  Fig.  146. 
and  accurately  counterpoised  along  with  a  given  weight  of  the  sub- 
stance under  examination,  and  the  bent  tube  passing  through  a  cork, 
which  fits  to  the  mouth  of  the  flask.  This  tube  is  put  in  when  tbe  acid 
and  carbonates  are  mixed  together,  to  prevent  any  loss  from  particles  of 
liquid  that  may  be  thrown  up  during  tne  effervescence,  and  it  is  evident 
that,  by  adding  weights  to  the  scale  on  which  the  glass  vessel  is  placed 
(when  the  effervescence  has  finished),  till  it  is  again  counterpoised, 
they  will  indicate  the  Quantity  of  carbonic  acid  that  has  been  evolved ;  before 
wei^hin^  it  the  secona  time,  the  cork  and  tube  should  be  taken  out  till  the  car- 
bonic acid  gas  in  the  interior  has  been  blown  out  gently  by  a  pair  of  bellows.t 

A  convenient  mode  is  by  means  of  an  alkaUmiter,    Into  a  tube  sealed  at 

one  end,  9^  inches  long,  |ths  of  an  inch  in  diameter,  and  as  cylindrical  as  poasi- 

Alkalime-    hie  in  its  whole  length,  pour  1000  grains  of  water,  and  with  a  file  or  diamond,  mark 

ter.  the  place  where  its  suitace  reaches,  divide  the  space  occupied  by  the  water  into 

tural  temperature  was  76^—79®.  The  temperature  of  the  mass  oontinaed  to  decrease, 
which  was  accelerated  by  any  means  for  increasing  the  evaporation.  At  its  formation 
the  carbonic  snow  depressea  the  thermometer  to  about  ~86.  Tbe  greatest  cold  pro- 
duced hy  the  solid  acia  in  the  air  was — 109°,  under  an  exhausted  receiver — 136°. 

Mercury  placed  in  a  cavity  in  it  and  covered  up  with  the  same  substance,  was 
frozen  in  a  few  seconds.  At  about — 110°  liquid  sulphurous  add  was  frozen,  and  at 
— 130°  alcohol  of  .793  assumed  a  viscid  and  oily  consistence,  and  at — 146°  was  likt 
melted  wax.  Alcohol  of  .820  froze  readily.  A  piece  of  solid  carbonic  acid  applied 
to  the  skin  produced  a  ghastly  white  spot,  snd  in  nf^een  seconds  raised  a  blister. 

lis  specific  gravity  at  32°  F.  was  .93,  at  43°  6,  .8825.  Liquid  carbonic  acid  did  not 
appear  to  act  upon  any  of  the  metals  or  oxides.  When  the  liouid  acid  has  been  frozen 
in  a  tube  of  glass,  the  tube  may  be  melted  off  and  hermetically  sealed.  Such  a  tube 
will  always  retain  the  liquid,  or  gas ;  the  former,  if  in  sufficient  quantity,  at  all  tem- 
peratures, if  not,  the  latter  alone  will  be  found  in  it  at  high  temperatures.  In  such  a 
tube  moisture  appears  at  66°,  and  a  constantly  elongating  cylinder  of  liquid  forms  as 
the  coldness  increases :  at  32°  the  cylinder  is  about  half  an  inch  in  length.  See 
Mitchell's  paper  and  plate  in  the  Jour,  qf  Prankiin  InttUutet  vol.  xxii,  and  Amer, 
Jour.  XXXV.  346. 

*  This  is  a  very  convenient  lute  for  rendering  joints  in  apparatus  tight,  and  is  com> 
posed  of  one  part  of  wax  and  three  of  lard  heatwl  together  until  of  uniform  coosistenpe. 

tReid. 
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100  Mual  parts,  as  shown  in  Fig.  149.    Opposite  to  th«  numben  23,     rig.  149.       seet  IV. 

44,  48,  96,  54,  63,  and  65  draw  a  line,  and  at  tlie  first  write  soda, 

at  the  second  potassa,  at  the  third  carbonate  of  soda,  and  at  the  fourth 

carbonate  of  potassii.    Prepare  a  dilute  acid  having  the  specific  gre- 

▼ity  of  1.127  at  60^,  which  msj  be  made  by  mixing  one  measure  of 

concentrated  sulphuric  acid  with  four  measures  of  distilled  water. 

This  is  the  standard  acid  to  be  used  in  all  the  experiments,  being  of  • 

such  strength  that  when  poured  into  the  tube  till  it  reaches  either  of 

the  four  marks  just  mentioned,  we  shall  obtain  the  exact  quantity 

neoessary  for  neutralizing  100  grains  of  the  alkali  written  opposite  to 

it    If,  when  the  acid  reaches  the  words  earb.  potasaoy  ana  when, 

consequently,  we  have  the  exact  quantity  which  will  neutralize  100 

Sains  of  that  carbonate,  pure  water  be  added  until  it  reaches  0,  or  , 
e  beginning  of  the  scale,  each  division  of  this  mixture  will  neutral- 
ize one  grain  of  carbonate  of  potassa.  All  that  is  now  required,  in 
order  to  ascertain  the  quantity  of  real  carbonate  in  any  specimen  of 
pearlash,  is  to  dissolve  100  grains  of  the  sample  in  warm  water,  filter 
to  remove  all  the  insoluble  parts,  and  add  the  dilute  acid  in  succes- 
sive small  quantities,  until,  oy  the  test  of  litmus  paper,  the  solution 
is  exactly  neutralized.  Each  division  of  the  mixtore  indicates  a  grain  of  pure 
carbonate.  It  is  convenient  in  conducting  this  process,  to  set  aside  a  portion  of 
the  alkaline  liquid,  in  order  to  neutralize  the  acid,  in  case  it  should  at  first  be 
added  too  freely.* 

Carbonic  Oxide  A 

611.  Carbonic  Oxides  discovered  by  Priestley,  is  usually  obtained  Carbonic 
by  subjecting  carbonic  acid  to  the  action  of  substances  which  abstract  ^'^^' 

a  portion  of  its  oxygen.  Upon  this  principle,  carbonic  oxide  gas  is 
produced  by  heating  in  an  iron  retort  a  mixture  of  chalk  and  char- 
coal ;  or  of  equal  weights  of  chalk  and  iron  or  zinc  filings.  It  is 
also  obtained  by  the  distillation  of  the  white  oxide  of  zinc  with  one  How  ob- 
eighth  of  its  weight  of  charcoal,  in  an  earthen  or  glass  retort ;  from  ^»«<*» 
the  scales  which  fly  from  iron  in  forging,  mixed  with  a  similar  pro- 
portion of  charcoal ;  from  the  oxides  of  lead,  manganese,  or,  indeed, 
of  almost  every  imperfect  metal,  when  heated  in  contact  with  pow- 
dered charcoal.  It  may  also  be  obtained  from  the  substance  which 
remains  after  preparing  acetic  acid  from  acetate  of  copper.  But  the 
mixture  that  aflbrds  it  most  pure,  is  equal  parts  of  carbonate  of  ba* 
ryta  and  clean  iron  filings ;  these  should  be  introduced  into  a  small 
earthen  retort,  so  as  nearly  to  fill  it,  and  exposed  to  a  red  heat :  the 
first  portion  of  gas  being  rejected  as  mixed  with  the  air  of  the  retort, 
it  may  afterwards  be  collected  quite  pure. 

612.  A  very  elegant  mode  of  preparing  carbonic  oxide  has  been  Dumas's 
suggested  by  Dumas.t  The  process  consists  in  mixing  binoxalate  proc«». 
of  potassa  with  five  or  six  times  its  weight  of  concentrated  sulphuric 

acid,  and  heating  the  mixture  in  a  retort  or  other  convenient  glass 
vessel.  Eflervescence  soon  ensues,  owing  to  the  escape  of  gas,  con- 
sisting of  equal  measures  of  carbonic  acid  and  carbonic  oxide  gases ; 
and  on  absorbing  the  former  by  an  alkaline  solution,  the  latter  is  left 
in  a  state  of  perfect  purity.  To  comprehend  the  theory  of  the  pro- 
cess, it  is  necessary  to  premise,  that  oxalic  acid  is  a  compound  of 
carboriic  acid  and  carbonic  oxide,  or  at  least  its  elements  are  in  the 
proportion  to  form  these  gases  ;  and  that  it  cannot  exist  unless  in 
combination  with  water  or  some  other  substance.  Now  the  sulphu- 
ric acid  unites  both  with  the  potassa  and  water  of  the  binoxalate. 


*  Faraday's  Chem,  Man^. 
t  SkUn.  Jovr,  ofSd,  vL  360. 


t  For  Composition,  ^.  see  (494.) 
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cii>p  ni.  and  the  oxalic  acid  being  thus  set  free,  is  instantly  decomposed. 
Oxalic  acid  may  be  su&tituted  in  this  process  for  binoxalate  of 
potassa. 

It^tnay  also  be  obtained  by  transmitting  carbonic  «cid  gas  over 
charcoal  ignited  in  a  porcelain  tube.  The  acid  gas  combines  with 
an  additional  dose  of  charcoal,  loses  its  acid  properties,  and  is  con- 
verted into  carbonic  oxide. 
ProportiM.  513.  Carbonic  oxide  gas  is  colourless  and  insipid.  It  does  not 
afiect  the  blue  colour  of  vegetables  in  any  way ;  nor  does  it  combine, 
like  carbonic  acid,  with  lime  or  any  of  the  pure  alkalies.  It  is  very 
sparingly  dissolved  by  water.  Lime-water  does  not  absorb  it,  nor  is 
its  transparency  affected  by  it. 

614.  The  nature  of  this  gas  was  first  made  known  by  Cruickshank, 
of  Woolwich,  in  1802,"*^  and  about  the  same  time  it  was  examined 
by  Clement  and  Desormes.t 

It  extinguishes  flame,  and  burns  with  a  pale  blue  lambent  light, 
when  mixed  with,  or  exposed  to  atmospheric  air.  The  temperature 
of  an  iron  wire  heated  to  dull  redness  was  found  by  Davy  sufficient 
to  kindle  it 

515.  A  mixture  of  carbonic  oxide  and  oxygen  gases  may  be  made 
to  explode  by  flame,  by  a  red-hot  solid  body,  or  by  the  electric  spark. 
If  they  are  mixed  together  in  the  ratio  of  100  measures  of  cart)onic 
oxide  and  rather  more  than  50  of  oxygen,  and  the  mixture  is  inflam- 
ed  in  Volta's  eudiometer  by  electricity,  so  as  to  collect  the  product  of 
the  combustion,  the  whole  of  the  carbonic  oxide,  together  with  50 
measures  of  oxygen,  disappears,  and  100  measures  of  carbonic  acid 
gas  occupy  their  place.  From  this  fact,  first  ascertained  by  BerthoUet, 
and  since  confirmed  by  subsequent  observation,  it  follows  that  carbonic 
oxide  contains  half  as  much  oxygen,  and  as  much  carbon,  as  carbonic 
acid.  Accordingly  its  density  should  be  0.4215  (sp.  gr.  of  carbon  va- 
pour)-|-0.5512  (half  the  sp.  gr.  of  oxygen  gas)  =0.9727,  which  is  the 
number  found  experimentally  by  Dulong  and  Berzelius.  Hence  100 
cubic  inches  should  weigh  30.1650  grains.    T. 

516.  It  is  extremely  noxious  to  animals,  and  fatal  to  them  if  con« 
fined  in  it.  When  respired  for  a  few  minutes  it  produces  giddiness 
and  fainting.     If  pure  it  almost  instantly  causes  profound  coma. 

517.  When  a  mixture  of  hydrogen  and  carbonic  acid  gases  is 
electrified,  a  portion  of  the  latter  yields  one  half  of  its  oxygen  to  the 
former ;  water  is  generated,  and  carbonic  oxide  produced.  On  elec- 
trifying a  mixture  of  equal  measures  of  carbonic  oxide  and  protoxide 
of  nitrogen,  both  gases  are  decomposed  without  change  of  volume, 
and  the  residue  consists  of  equal  measures  of  carbonic  acid  and  ni- 
trogen gases.  The  carbonic  oxide  should  be  in  very  slight  excess, 
in  order  to  ensure  the  success  of  the  experiment.  On  this  fact  is 
founded  Henry's  method  of  analyzing  protoxide  of  nitrogen. 

518.  When  a  mixture  of  carbonic  oxide  with  more  than  half  its 
volume  of  oxygen  gas,  is  exposed  over  mercury,  in  contact  with 
spongy  platinum,  to  a  temperature  between  300'  and  310**  F.,  it  be* 
gins  to  be  converted  into  carbonic  acid,  and  at  a  heat  of  a  few  de- 


Denfity. 


ADalysis. 


And  spongy 
platinam, 


*  NicholsQii*!  4to  Jour,  t. 


t  Ann.  de  Chim,  tjodx. 
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grees  higher,  is  wholly  acidified  in  the  course  of  a  few  minutes.    Sect,  v. 
Mixtures  of  these  two  gases  are,  however,  very  slowly  acted  upon  by 
the  platinum  sponge  at  common  temperatures.^ 

519.   None  of  the  metals  exert  any  action  upon  this  gas,  except  By  P**5"*|jJ^^^^ 
potassium  and  sodium,  which  at  a  red  heat,  burn  in  it  by  abstractinj[^2JJJ|J  ■o^*'^^'^^^^^ 
its  oxygen,  and  carbon  is  deposited. 


Section  V.     Sulpkur, 

*Symb,  Sp.  Gr.-f  JSaidc. 

S.  6.6666  air  =1  By  Vol.     16.66 

96.60    Hyd.r=  1  "  Wght.  16.1 

620.  Sulphur  is  a  brittle  substance,  of  a  pale  yellow  colour ;  insi-  Propertici. 
pid  and  inodorous,  but  exhaling  a  peculiar  smell  when  heated.     Its 
specific  gravity  is  1.99.     It  becomes  negatively  electrical  by  heat  and 
by  friction. 

Sulphur  is  principally  a  mineral  product,^  and  occurs  massive  and 
crvstatlized  in  the  form  of  an  obli(][ue  rhombic  octobedron.  Its  crys- 
tals are  in  a  high  degree  doubly  refractive. 

Massive  sulphur  is  chiefly  brought  from  Sicily  ;  it  occurs  native,  Native  inl- 
and   is    found    associated    with    sulphate    of   lime,    sulphate   of^  ^^* 
strontia,  and  carbonate  of  lime :   it  is  common  among  volcanic 
products.     Sulphur  occurs  also  in  some  mineral  waters,  partly  in 
a  free  and  partly  in  a  combined  state,  in  combination  with  soda.^ 

Rdll-sulphur  i3  chiefly  obtained  from  native  metallic  sulphurets,  RoU, 
which  are  roasted  and  the  fumes  received  into  a  long  chamber  of 
brick- work,  where  the  sulphur  is  gradually  deposited  :  it  is  then  pu- 
rified by  fusion,  and  cast  into  sticks.     It  conducts  heat  imperfectly, 
and,  if  grasped  by  the  warm  hand,  splits  with  a  crackling  noise. 

521.  The  fusing  point  of  sulphur  is  216''  F.     Between  230''  and  AcUoiiof 
280**  it  is  as  liquid  as  a  clear  varnish,  and  of  the  colour  of  amber ;  °***' 

at  about  320°  it  begins  to  thicken,  and  acquire  a  red  colour ;  on  in** 
creasing  the  heat,  it  becomes  so  thick  that  it  will  not  pour.  From 
482°  to  its  boiling  point  it  becomes  thinner,  but  never  so  fluid  as 
at  248^. 

When  the  most  fluid  sulphur  is  suddenly  cooled,  it  becomes  brit- 
tle, but  the  thickened  sulphur,  similarly  treated,  remains  soft,  and 
more  soft  as  the  temperature  has  been  higher.    In  this  state  it  is  ap-  Use. 
plied  to  taking  impressions  from  engraved  stones,  &;c.|| 

522.  Fused  sulphur  has  a  tendency  to  crystalline  in  cooling,  and  CrystalH- 
by  good  management  regular  crystals  may  be  obtained.  xaiion  of, 

For  this  purpose  several  pounds  of  sulphur  should  be  melted  in  a  crucible ; 
and  when  partuilly  cooled,  tne  outer  solid  crust  should  be  pierced,  and  the  cruci- 
ble quickly  inverted  so  that  the  fluid  portion  within  may  gradually  flow  out,  on 
breaking  tne  solid  mass,  when  quite  cold,  crystals  of  sulphur  will  be  found  in  the 
interior. 

Fused  sulphur  will  remain  fluid  at  common  temperatures,  and  so- 
lidify when  touched  by  a  fragment  of  sulphur  or  a  thread  of  glass. 

*  PhU.  TVons.  1834,  p.  271.  t  In  state  of  vapour. 

t  It  is  said  to  have  been  detected  in  several  vmtables  and  in  gam  arabic.— Jame- 
son's Jour,  xiv.  172.  f  Johnson's  report,  Rq>.  Brit.  Amoc,  IS32. 

U  See  directiooB  in  Domas's  Traili  dt  OUm.  1. 136. 
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Chap,  ni.  523.  Sulphur  is  very  volatile.  It  begins  to  rise  slowly  in  vapour 
Vaporiza-  even  before  it  is  completely  fused.  At  550**  or  600®  F.  it  volatilizes 
tionof.  rapidly,  and  condenses  again  unchanged  in  close  vessels.  Common 
sulphur  is  purified  by  this  process;  and  if  the  sublimation  be  con- 
ducted slowly,  the  sulphur  collects  in  the  receiver  in  the  form  of  de« 
tacbed  crystalline  grains,  called  flowers  of  sulphur.  In  this  state 
however,  it  is  not  qujte  pure  ;  for  the  oxygen  of  the  air  within  the 
apparatus  combines  with  a  portion  of  sulphur  during  the  process,  and 
forms  sulphurous  acid.  The  acid  may  be  removed  by  washing  the 
flowers  repeatedly  with  water. 

524.  Sulphur  is  insoluble  in  water,  but  has  been  supposed  to  unite 
Lacsul-      with   it   under   favorable  circumstances,   forming    what   has    been 
pharit.       called  Lac  sidphuris  and  hydrate  of  sulphur,  but  which  is  consider- 
ed by  Berzelius  as  sulphur  with  a  minute  portion  of  hydrogen.  It  dis- 
solves in  boiling  oil  of  turpentine,  and  is  also  soluble  in  alcohol  if 
both  substances  are  brought  together  in  the  form  of  vapour.     The 
sulphur  is  precipitated  from  the  solution  by  the  addition  of  water. 
Contains         525.  Sulphur  retains  a  portion  of  hydrogen  so  obstinately  that  it 
hydrogen,    cannot  be  wholly  freed  from  it  either  by  fusion    or  sublimation. 
Davy  detected  its  presence  by  exposing  sulphur  to  Voltaic  electricity, 
when  some    hydrosulphuric  acid  gas  was  disengaged.     The  hy- 
drogen, from  its  minute  quantity,  can  only  be  regarded  as  an  acci- 
dental impurity,  and  as  not  Essential  to  the  nature  of  sulphur. 
Density  of      526.  The  density  of  sulphur  vapour  was  found  by  Dumas  to  He 
itsvapovr.  between  6.51  and  6.617,  and  by  Mitscherlich  to  be  6.9  :*  its  density 
by  calculation  (page  32)  is  6.6558.     Hence,  could  the  vapour  con- 
tinue as  such  at  60°  F.  and  30  bar.,  100  cubic  inches  should  weigh 
206.i076  grains. 
Test  of  the     ^27.  The  purity  of  sulphur  may  be  judged  of  by  heating  it  gradu- 
puriiyof     ally  upon  a  piece  of  platinuin  leaf;  if  free  from  earthy  impurities,  it 
sulphur,     etiould  totally  evaporate.     It  should  also  be  perfectly  soluble  in  boil- 
ing oil  of  turpentine.t 
Products  of     528.  When  sulphur  is  heated  in  the  open  air  to  300°  or  a  little 
its  combus- higher,  it  kindles  spontaneously,  and  burns  with  a  faint  blue  light. 
^^'  In  oxygen  gas  its  combustion  is  far  more  vivid  ;  the  flame  is  much 

larger,  and  of  a  bluish  white  colour.  Sulphurous  acid  is  the  pro- 
duct in  both  instances  ; — no  sulphuric  acid  is  formed  even  in  oxygen 
gas  unless  moisture  be  present. 

The  oxygen  in  the  oxide  and  acid  of  neutral  sulphates  is  in  the 
ratio  of  1  to  3 ;  so  that  when  the  composition  of  a  tnetallic  oxide, 
and  the  quantity  of  acid  by  which  it  is  neutralized  are  known,  the 
equivalent  of  sulphur  may  be  calculated.  On  this  principle  has 
Equivalent  Berzelius  inferred,  from  the  composition  of  sulphate  of  the  oxide  of 
lead,  that  the  equivalent  of  sulphur  is  16.12;  and  the  number  ob- 
tained by  Turner  in  the  same  way  from  the  same  salt  and  from  sul- 
phate of  baryta,  is  16.09.  As  a  mean  of  these  results,  16.1  may  be 
taken  as  the  equivalent  of  sulphur.  The  number  16  is,  for  many 
purposes,  a  sufficient  approximation. 

*  Ann.  dt  Chim,'  et  de  Phys.  !▼.  8. 

t  Aikin^s  Did*  aitiele  Sulphur.     It  sometimes   contains   arsenic,  for  detecting 
which  see  Brande's  Jour.  N.  S.  ▼. 
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Sulphur  and  Oxygen.     Sulphurous  Acid, 


Sect.  V. 


Fhrm. 
S+20  or  S 


Composition. 
Oiem.  Equiv.    Sul.  Oxy.  Equiv. 

Bv  Vol.    100.     16.1  or  I  cq.+16  or  2  cq.  =  32.1 


8p.  Or, 

2.2117  air      =1 

32.10      Hyd.=l         ''  Wght.  32.1. 

529.  Sulphurous  acid  is  a  gaseous  body  and  may  be  obtained  by  Hov  ob 
burning  sulphur  in  common  air  or  oxygen  gas  under  a  bell  glass,  ^n^d. 
It  is  also  procured  by  abstracting  part  of  the  oxygen  from  sulphuric 

acid.  This  may  be  done  in  several  ways.  If  chips  of  wood,  straw, 
or  cork,  oil  or  other  vegetable  matters  be  heated  In  strong  sulphuric 
acid,  the  carbon  and  hydrogen  of  those  substances  deprive  the  acid 
of  a  part  of  its  oxygen,  and  convert  it  into  sulphurous  acid.  Nearly 
all  the  metals,  with  the  aid  of  heat,  have  a  similar  effect. 

530.  The  most  usual  method  is  by  putting  two  parts  by  weight, 
of  mercury,  and  three  of  sulphuric  acid  into  a  glass  retort,  and  then 
raising  the  heat ;  sulphurous  acid  gas  is  formed,  and  may  be  col- 
Jecled  and  preserved  over  "quicksilver.  Half  an  ounce  of  mercury 
is  sufficient  for  the  production  of  several  pints  of  the  gas.  This  gas 
may  also  be  obtained  by  introducing  powdered  charcoal  into  a  retort 
and  pouring  over  it  concentrated  sulphuric  acid,  until  on  shaking  it, 
the  mass  appears  moist.  On  heating,  a  constant  stream  of  a 
mixture  of  two  volumes  sulphurous  acid  and  one  of  carbonic  acid 
gases  is  given  off,  which  continues  till  the  mass  becomes  dry.^ 

As  this  gas  is  heavier  than  air,  when  a  mercu- 
rial trough  is  not  at  hand,  the  student  may  collect 
it  in  bottles,  by  the  arrangement  shown  in  Fig. 
150.  '  The  bent  tube  passes  loosely  through  the 
neck  of  the  receiver,  but  is  fixed  to  the  gas  bottle 
by  means  of  plaster-of-paris  and  water. 

531.  Water  takes  up  33  times  its  bulk  of  this 
gas,  it  must  therefore  be  collected  in  jars  or  bot- 
tles filled  with  mercury  and  over  the  mercurial 
trough.t 


Fix  150' 


Collected 
in  botUet. 


Absorbed 
by  water. 


*  Koezaurek  m  Baumgartoer's  Zeilachxifl^  ix. 

t  The  apparatns  for  collecting  this  and  other  gases  which  are  absorbed  by  water,  is 
similar  to  toat  for  collecting  other  gases.  The  trough  may  be  made  ol  wood,  marble,  J*'""!"'*^ 
eoapsione,  or,  what  is  preferable,  cast-iron,  well  Tarnishsci  to  prevent  its  rusting. 


Fig.  151. 


Pig.  161  represents  a  conTenient  mer 
curial  trough;  which  may  be  17  inches 
long,  7  broad,  and  6  deep.  The  mercury 
does  not  pass  under  the  shelf,  so  ihat  the 
body  of  tne  trough  is  only  ab>Hit  half  as 
broad  holow  the  shelf  as  above,  and  it  is 
rounded  at  the  bottom  to  save  an  unneces- 
sary quantity  of  mercury.  The'four  niches 
A  a  a  a,  at  the  edge  of  the  shelf,  are  to 
receive  the  beaks  of  retorts,  the  jars  being 
placed  over  them ;  the  rods  attached  to  two 
of  the  sides  of  the  trough  are  intended  to 
•leady  any  tail  jar  left  upon  the  shelf.  Such  a  trough  requires  about  140  pounds  of 
mercury,  when  a  numlier  of  jars  are  used.     Also  see  Fig.  106. 

The  jars  for  the  mercurial  trough  should  he  at  least  one  tenth  of  an  inch  in  thick- 
ness, though  not  more  than  two  inches  in  diameter;  they  ought  also  to  be  ground  at 
the  edges  that  they  maybe  removed  easily,  when  full  of  gas,  on  a  flat  glass  plate  rub- 
bed over  with  a  little  gas  lute,  without  losing  anv  of  their  contents.  The  mercurial 
trough  should  be  placed  in  a  large  sheet  iron  tray,  to  prevent  the  loss  of  mercury. 
Blotting  paper  is  constantly  rvqau'ed  to  remove  any  acid  or  water  that  may  collect  on 
iba  sQrfaoa  of  the  mercury,  and  after  any  acid  gas  nas  b«en  prepared  over  it,  the  mer- 
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Chap.  ni.       Remove  a  jar,  filled  with  the  gas,  by  means  of  a  flat  glass  plate  held  firmly  to  it, 

^or  place  the  thumb  or  finger  on  the  mouth  of  a  small  bottle  or  lube  filled  wUh 

the  gas,  and  take  it  ofi*  under  water.    The  gas  will  be  absorbed  and  the  water  be 

fbrced  up  the  yessel  with  violence.    The  acid  property  of  the  gas  will  also  be 

evident  if  the  water  be  coloured  with  purple  cabbage. 

The  experiment  may  be  varied  by  inverting  the  veaael  over  mercury,  and  pass- 
ing a  small  (quantity  of  water  up  through  the  mercury  ;  the  latter  will  rise,  and 
the  water  will  be  seen  to  absorb  many  times  its  own  bulk  of  the  gas. 

532.  Sulphurous  acid  has  considerable  bleaching  properties.  It 
reddens  litmus  paper,  and  then  slowly  bleaches  it.  Most  vegetable 
colouring  matters,  such  as  those  of  the  rose  and  violet,  are  speedily 
removed,  without  being  first  reddened.  It  is  remarkable  that  the 
colouring  principle  is  not  destroyed  ;  for  it  may  be  restored  either  by 
a  stronger  acid  or  by  an  alkali.  Prepared  by  the  combustion  of  sul* 
phur,  it  is  much  nned  for  bleaching  cotton  goods^  and  also  for  whit- 
ening silk  and  wool;  in  wine  countries  it  is  sometimes  used  to  check 
vinous  fermentation.  It  restores  the  colour  of  sirup  of  violets, 
which  has  been  reddened  by  other  acids. 

A  pleasing  instance  of  its  efi*ect  on  colours,  may  be  exhibited  by  holding  a 
red  rose  over  the  blue  flame  of  a  common  match,  by  which  the  colour  will  oe 
discharged  wherever  the  sulphurous  acid  comes  in  contact  with  it,  so  as  to  ren- 
der it  beautifully  variegated,  or  entirely  white;  If  it  be  then  dipped  into  water^ 
the  ledness,  after  a  short  time  will  be  restored. 

533.  This  gas  has  a  suSbcating  nauseous  odoun  and  an  astrin* 
gent  taste ;  it  extinguishes  flame,  and  kills  animals ;  it  is  exceed- 
ingly deleterious  to  vegetables,  even  in  very  minute  quantity  and 
proportion,  t 

534.  Davy  proved  that  sulphurous  acid  gas  contains  exactly  its 
own  volume  of  oxygen,t  and  consequently  the  difference  in  the 
weights  or  specific  gravity  of  these  gases  (2.2117 — 1.1024=1.1093), 
gives  the  weight  of  sulphur  combined  with  the  oxygen.  .  The  sul- 
phur and  oxygen  are  thus  found  to  be  in  the  ratio  of  1.1093  to  1.1024 
or  16.1  to  16.     T. 

535.  Sulphurous  acid  suffers  no  change  at  a  red  heat,  but  if  mixed 
with  hydrogen,  and  passed  through  a  red-hot  tubet  water  is  formed 
and  sulphur  deposited  ;  under  the  same  circumstances,  it  is  also  de« 
composed  by  charcoal,  by  potassium  and  sodium,  Sec, 

536.  Sulphurous  acid  is  converted  to  thd  state  of  sulphuric  acid  by 
restoring  oxygen  to  it. 

A  mixture  of  oxygen  and  sulphurous  acid  gases,  both  perfectly 
dry,  and  standing  over  mercury,  is  not  diminished  during  some 
months ;  but  if  a  small  quantity  of  water  be  added,  the  mixture  begins 
to  diminish,  and  sulphuric  acid  is  formed.  Or  if  water  impregnated 
with  sulphurous  acid  be  exposed  to  oxygen  ^as  in  a  tube,  the  oxy- 
gen  in  10  or  14  days  is  imbibed  and  sulphuric  acid  formed.     The 

cQry  should  always  be  washed  wiih  water,  and  dried  with  a  towel  and  blotting  paper. 
A  red-hot  poker  held  for  a  short  time  in  the  mercury  enables  this  to  he  done  more 
efiectually ,  it  is  in  this  manner  also,  that  mercury  is  most  conveniently  brought  to  a 
proper  temperature  when  it  is  required  to  be  healed  for  particular  experiments. 

The  beak  of  the  retort  must  be  placed  near  the  surface  of  the  mercury,  that  the  ^aa 
Biay  have  to  overcome  as  little  resistance  as  possible  to  rising  through  the  heavy  fluid  i 
should  this  not  be  attended  to,  the  retorts  may  be  broken  by  the  pressure  from  within. 
No  gas  should  be  eollecled  till  the  atmospheric  atr  has  been  all  expelled  from  the  re- 
tort.    See  Reid*s  Elementa  ofPrae.  Chem, 

*  Quart.  J9ur.  qf  Sci.  iv.  196. 

t  See  Turner's  experimentt  on  the  qffect  of  goaeB  on  vegetaUe$^  Brawster's  Jbur. 
Jan.  1838.  t  Ekmenttt^JZ, 
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same  gases  in  a  state  of  mixture,  by^  the  action  of  electricity  or  by   stcu  v 
being  driven  through  a  red-hot  porcelain  lube,  atibrd  sulphuric  acid. 
The  proportions  required  for  mutual  saturation  are  two  measures  of 
sulphurous  acid  and  one  of  oxygen  gas. 

To  a  portion  of  water  satarated  with  Bulphurou*  acid  gag  add  a  little  oxide  Exp. 
of  manganese,  a  substance  that  contains  much  oxygen  loosely  combined ;  the 
pungent  smell  of  the  water,  and  the  other  charactenstics  of  sulphuroua  acid  wiii 
soon  disappear.    H.  1.  385. 

537.  Sulphurous  acid  combines  virith  metallic  oxides,  and  forms 
salts  which  are  called  ndpkites^  which  are  decomposed  by  sulphuric 
acid,  and  then  emit  the  characteristic  odour  of  sulphurous  acid. 

538.  Liquid  sulphurous  acid  is  obtained  by  transmitting  the  dry  Liquid 
pure  gas  through  a  glass  tube  surrounded  by  a  freezing  mixture  of 
snow  and  salt     It  boils  at  14^,  and  from  the  rapidity  of  its  evapora- 
tion causes  intense  cold.^ 

539.  Faraday,  by  producing  sulphurous  acid  from  mercury  and  Liquefae- 
concentrated  sulphuric  acid  sealed  up  in  a  bent  tube,  obtained  it  in  a  **°°  of  sul- 
liquid  statei  very  limpid  and  fluid,  and  quite  colourless.     Its  refrac-  Lid  ^. 
tive  power  appeared  to  be  nearly  equal  to  that  of  water.     It  does  not 
solidify  at  a  temperature  of  0    F.     When  a  tube  containing  it  is 
opened,  it  does  not  rush  out  as  with  ao  explosion,  but  a  portion  of 

the  liquid  evaporates  rapidly,  cooling  another  portion  so  much  as  to 
leave  it  in  a  liquid  state  under  common  barometric  pressure.  It  ra- 
pidly dissipates,  however,  without  appearing  in  visible  fumes,  but 
with  a  strong  odouir  of  sulphurous  acid,  leaving  the  tube  perfectly 
dry.  A  piece  of  ice  dropped  into  the  fluid  instantly  made  it  boil 
from  the  heat  communic^ated  to  it.  The  specific  gravity  of  liquid 
sulphurous  acid  is  about  1.42,  at  45^  F,  it  exerts  a  pressure  of  about 
two  atmospheres.t 

Sulphuric  Acid. 

CompositioD. 

Form*       8p.  Gt,  (anhydrous)        Chem.  Equie,    SuJph,  Oxy.  Equiv, 

.*»        2.7629  air    =1  By  Vol.    100.       16.1^r  1  eq.H-24  or  3  eq.=:40.1 

S+30orS      40.10     Hyd.=i  *'  Wght.    40  1. 

540.  Sulphuric  acid  has  been  long  known  under  the  name  of  oil  Fuming 
of  vitriol,  and  is  supposed  to  have  been  discovered  by  Basil  Valen-  Jfordhau- 
tine  in  the  15th  century.     It  is  prepared  in  large  quantities  for  the  seo. 
purposes  of  the  arts.     At  Nordbausen,  in  Germany,  the  sulphate  of 

oxide  of  iron  (green  vitriol)  is  decomposed  by  heat,  and  a  dense  oily 
liquid  of  a  dark  colour  is  obtained,  which,  from  its  emitting  white 
fumes,  is  known  as  fuming  sulphuric  acid.  It  has  a  specific  gravity 
of  1.896  or  1.90.t 

541.  In  the  United  States  and  most  other  places,  sulphuric  acid  is  usual  pro- 
manufactured  from  sulphur  and  nitrate  of  potassa.  cess, 

The  mixture  is  burned  in  a  large  room  or  chamber  lined  with  lead  and  cover- 
ed  to  the  depth  of  several  inches  with  water.  The  sulphur  is  converted  into 
sulphurous  acid  during  its  combustion,  and  a  portion  of  it  into  sulphuric  acid  by 
combining  with  some  of  the  oxygen  of  the  nitre,  nitrous  acid  and  binoxide  of  nitro- 
gen being  disengaged.  The  surphurons  acid  combines  with  the  nitrous  acid  and 
some  watery  vapour,  ibrming  a  crystalline  compound  which  is  decomposed  by 

*■  See  Bussy's  process  in  Boat,  Jour,  of  Philot.  ii.  359. 

t  Phil.  TVaru.  1823,  p.  190.    Sulphurous  acid  is  employed  in  some  diseases  under 
the  name  of"  Sulphur  baths,"  for  a  description  of  which,  see  Dumas'  TraiUf  vol.  i.  162* 
t  For  details  iee  Tomer  194,  and  Amer,  Jour  Sd.  xx.  347. 
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Chap.  III.  the  water  at  tbe  bottom  of  the  chamber,  being  converted  into  tralpharic  acid» 

which  remains  in  combination  with  the  water,  and  binoidde  of  nitrogen  gu, 

which  is  disengaged.  Ail  the  binoxide  rises  in  the  chamber,  and  mixing  witn  & 
fresh  quantity  of  atmospheric  air,  combines  with  the  oxygen  and  forms  a  dense 
ruddy  vapour  (nitrous  acid),  which  immediately  falls  down  in  consequence  of  its 
great  specific  gravity,  and  meeting  with  more  sulphuifiusacid  and  watery  vapour, 
acrvstalline  compound  is  again  formed,  which  is  resolved  as  before  into  sulpnuric 
acid  and  binoxide  of  nitrogen.  In  this  manner,  a  small  quantity  of  nitre  is  made 
to  communicate  or  hand  over,  as  it  were,  a  larfe  quantity  cf  oxygen  from  the  air 
to  the  sulphurous  acid,  and  the  same  series  of  combinations  and  decompoisitions 
ffoes  on  till  the  water  at  the  bottom  of  the  chamber  has  become  strongly  acid. 
It  is  then  boiled  in  leaden  vessels  to  expel  a  part  of  the  water,  and  the  concen- 
tration  finished  in  large  glass  retorts  in  a  sand  oath,  or  in  plaiinum  retorts  placed 
over  the  open  fire. 

Theory  542.  The  theory  of  tbe  preparation  of  sulphuric  acid  may  be  illus- 

illustrated.  \x2Xe^  very  beautifully  on  the  small  scale  by  making  sulphurous  acid 
and  nitrous  acid  meet  together  in  a  glass  vessel,  and  as  the  experi- 
ment is  intended  solely  for  illustration,  the  sulphurous  acid  may 
be  prepared  by  the  decomposition  of  sulphuric  acid. 

Into  one  of  the  small  retorts,  ^Fig  152,)  V\t  i/». 

which  should  be  large  enough  to  hold 
about  three  or  four  ounces  of  water  when 
full, — put  400  grains  of  mercury  and  GOO 
grains  of  sulphuric  acid,  and  into  tbe  other 
tiO  or  90  grains  of  sugar.  Heat  the  first 
retort  by  a  chauffer,  and  when  the  sulphu 
rous  acid  begins  to  come  over,  pour  300 
grains  of  nitric  acid  over  the  sugar,  previ- 
ously diluted  with  an  equal  bulk  of  water, 
and  heat  the  retort  gently  till  the  nitrous 
acid  fUmes  begin  to  come  over,  which  are 
formed  by  the  suear  attracting  oxygen 
from  the  nitric  acid.  When  the  gases 
meet  in  the  large  jar,  (into  which  the  re- 
torts are  fixed  b^  being  ^und  to  tbe  tu- 
bulures,  or  having  their  beaks  passed 
through  corks  fitted  to  them,)  a  crystalline  compound  is  soon  deposited  on  the 
sides  of  the  vessel  in  beautiful  dendritical  crystals,  which  often  cover  its  whole 
surface.  Remove  the  retorts  when  either  the  sulphurous  or  nitrous  acid  ceases 
to  come  over,  and  pour  a  little  water  into  the  vessel ,  a  brisk  effervescence  will 
take  place  wherever  it  comes  in  contact  with  the  crystalline  compound,  which 
is  resolved  into  binoxide  of  niurogen  and  sulphuric  acid,  the  former  producing 
ruddy  coloured  fumes  as  it  comes  into  contact  with  tbe  air,  and  the  latter  being 
retained  in  combination  with  the  water.    Keid. 


Imparities. 


i543.  Sulphuric  acid  obtained  by  the  usual  process  is  not  pure, 
being  contaminated  by  potassa  and  the  oxide  of  lead,  and  sometimes 
iron,  the  first  derived  from  the  nitre,  and  the  two  latter  from  the 
leaden  chamber.  To  separate  them  the  acid  should  be  distilled 
from  a  glass  or  platinum  retort.  The  former  may  be  safely  used  by 
putting  into  it  some  pieces  of  platinum  leaf,  which  causes  the  acid 
to  boil  freely  on  applying  heat,  without  danger  of  breaking  the  ves- 
sel. Arsenious  acid,  derived  from  arsenic  in  tbe  sulphur  used  in 
the  manufacture,  has  been  lately  detected  in  most  of  the  oil  of  vitriol 
made  in  Germany,  and  from  that  source  arsenic  is  introduced  into 
preparations  for  which  such  acid  is  employed,  as  into  phosphorus  and 
Detected,  hydrochloric  acid.  It  is  discovered  by  diluting  with  water  and  trans- 
mitting through  the  solution  hydrosulphuric  acid  gas,  which  causes 
orpiment  to  be  formed.  The  oil  of  vitriol  may  be  purified  from  ar- 
senious acid  by  adding  a  little  hydrated  peroxide  of  iron  before  dis- 
tilling.   T. 


Arsenious 
acid. 


Sulphuric  Acid — Analysis  of,  167 

The  oil  of  vitriol  of  commerce  often  contains  sulphate  of  lead,    Sect,  v. 
which   may  be  detected  in  the  cold  acid,  by  adding  a  few   drops  Hayes's 
of  hydrochloric  acid.     The  precipitate  is  allowed  to  subside  and  the  ^"'  for  sul- 
clear  acid  decanted.*  \^^i^  °^ 

544.  Sulphuric  acid  of  commerce  is  a  limpid,  colourless  fluid,  of  properties. 
a  thick  and  oily  consistence,  having  a  specific  gravity  of  1.84 ;  it  is 

acrid  and  caustic,  and  even  when  largely  diluted  with  water  produc- 
es a  very  sour  liquid. 

545.  ft  boils  at  620°  and  freezes  at — 15®,  contracting  at  the  same  Boiling 
time  considerably  in  its  dimensions.     But  the  temperature  at  which  ^*°** 
the  diluted  acid  congeals  is  singularly  modified  by  the  quantity   of 
water  which  it  contains.     At  the  specific  gravity  of  1.780  it  freezes    . 

at  45°  ;  but  if  the  density  be  either  increased  or  diminished,  a  great- 
er cold  is  required  for  its  congelation.!  Its  boiling  point  diminish-' 
es  with  its  dilution. 

546.  It  is  acrid  and  caustic,  and  when  dijuted  with  water,  pro- 
duces a  very  sour  liquid.     When  mixed  suddenly  with  water,  (66)  «. 
considerable  heat  is  produced.     Four  parts  by  weight,  of  concentra*  with  water, 
ted  sulphuric  acid,  and  one  of  water,  when  mixed  together,  each  at 

the  temperature  of  50°  F,  have  their  temperature  raised  to  300°. 
The  greatest  elevation  of  temperature,  Ure  finds  to  be  occasioned  by 
the  sudden  mixture  of  73  parts  by  weight  of  strong  sulphuric  acid 
with  27  of  water. 

547.  It  rapidly  absorbs  water  from    the  atmosphere.      Even  a  ImWbes 
boiling  temperature,  when  it  is  concentrated,  does  not  prevent  its  ™®'**°"* 
taking  up  moisture  from  the  air ;  hence  it  cannot  be  concentrated  so 

well  in  an  open  as  in  a  close  vessel,  on  which  account,  retorts  of 
glass  or  platinum,  ar^  used  for  the  last  stage  of  its  concentiralion  by 
the  manufacturers. 

It  chars  animal  and  vegetable  substances,  and  is  apt  to  acquire  a 
brown  tinge  from  any  small  particles  of  straw,  resin,  or  other  mat- 
ters that  may  accidentally  have  fallen  into  it. 

548.  The  strength  of  sulphuric  acid  is  best  judged  of  by  diluting  Method  of 
a  known  weight  of  the   acid   moderately  with   water,  and   while  ing*the*"' 
warm,  adding  pure  anhydrous  carbonate  of  soda,  until   the  solution  strength  of 
is  exactly  neutral.     Every  53.42  parts  of  the  carbonate  required  to  Jc|j**""*^ 
produce  this  effect,  correspond  to  40.1  parts  of  real  sulphuric  acid. 

For  common  purposes  the  strength   of  the  acid   may  be   estimated 

from  its  specific  gravity.!  a    i    •    r 

549.  The  decomposition  of  sulphuric  acid  may  be  efifected  by  pas-  sJlphuric 
sing  it  through  a  red-hot  platinum  tube,  when  it  is  resolved  into  suU  add, 
phurous  acid,  oxygen  and  water. 

When  heated  with  charcoal,  sulphuric  acid  gives  rise  to  the  pro- 
duction of  carbonic  and  sulphurous  acids  ;  with  phosphorus  it  pro- 
duces phosphoric  and  sulphurous  acids ;  and,  with  sulphur,  sul- 
phufous  acid  is  the  only  product.  It  is  decomposed  by  several  of 
the  metals,  which  become  oxidized,  and  evolve  sulphurous  acid,  as 
shown  in  the  production  of  this  acid,  by  boiling  sulphuric  acid  with 
mercury  (530),  tin,  lead,  &c. 

*  Hayes  in  Amer.  Jour,  xvii.  196.  t  Keir,  Irish  Phil.  Trans,  it.  88. 

*  For  table  of  strength  of  this  add  of  different  densities,  see  Appendix. 
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ofcap.in.       The  liquid  acid  is  also  decomposed  by  platinum  wires,  comrauDi- 
Bygalraa-  eating  with  the  extremities  of  a  galvanic  pile. 

550.  Sulphuric  acid  is  largely  consumed  in  a  variety  of  manu- 
factures. It  is  used  by  the  makers  of  nitric,  hydrochloric,  citric,  and 
tartaric  acids ;  by  bleachers,  dyers,  tin-plate  makers,  brass-founders, 
gilders,  &c. 

551.  Baryta  in  solution  detects  the  presence  of  sulphuric  acid,  a 
white  insoluble  sulphate  of  baryta  being  precipitated.  The  precipi- 
tate heated  with  charcoal  before  the  blow-pipe  is  decomposed ;  on 
moistening  it  with  water  and  touching  it  with  a  solution  of  a  salt  of 
lead,  the  sulphur  renders  the  lead  black.  This  acid  gives  a  copious 
white  precipitate  with  soluble  salts  of  lead. 


lam. 
Ustf. 


Te«u. 


How  ob' 
taioed. 


Pecnliar 
nlationt. 


Procew. 


3S-I-20  or  s 


HyposuLphuraus  Add. 

Gompositioo. 

Suiph,  Oxy, 

'  32.2  or  2  eq.        +      16  or  2  eq. 


48.2 


552.  Hyposulphurous  acid  may  be  formed  by  digesting  sulphur 
in  a  solution  of  a  sulphite  (a  compound  of  sulphurous  acid  and  a 
salifiable  base,)  the  two  equivalents  of  oxygen  in  the  sulphurous 
acid  combining  with  an  additional  quantity  of  sulphur,  and  being 
thereby  converted  into  two  equivalents  of  hyposulphurous  acid.  It 
is  not  easy  to  procure  this  acid  in  a  free  state. 

553.  It  is  distinguished  by  the  peculiar  relation  it  has  to  the  oxide 
of  silver,  combining  with  it  in  preference  to  soda,  which  is  easily 
separated  from  this  acid  by  the  oxide,  the  only  instance  where  a  me* 
tallic  oxide  can  separate  a  fixed  alkali  from  an  acid,  without  the  aid 
of  some  other  affinity. 

The  solution  of  ail  the  neutral  hyposulphites  dissolves  recently 
precipitated  chloride  of  silver  in  large  quantity,  and  forms  with  it 
a  liquid  of  an  exceedingly  sweet  taste. 

Hypastdphuric  Acid, 


Composition. 
Sulph.                    Oxy. 

Bqrdv, 

2S+S0  or  S 

32.2  or  2  eq.      +      40  or  6  eq. 

s:        72.2 

554  This  acid  discovered  by  Welter  and  €ray-Lussac  in  1819, 
is  prepared  by  transmitting  sulphurous  acid  through  water  in  which 
finely  powdered  peroxide  of  manganese  has  been  suspended,  a 
portion  of  the  oxygen  of  the  oxide  combining  with  some  of  the  sul- 
phurous acid  and  forming  sulphuric  acid,  part  of  which  unites  with 
the  remaining  sulphurous  acid,  by  which  the  hyposulphuric  acid  is 
produced.  Both  acids  remain  in  combination  with  oxide  of  mangan* 
ese,  and  by  adding  baryta  it  is  precipitated,  the  sulphuric  acid  being 
also  thrown  down  in  combination  with  part  of  the  baryta,, while 
the  hyposulphuric  acid  unites  with  the  rest,  and  remains  in  solution. 
By  cautiously  adding  sulphuric  acid  the  baryta  is  removed,  and  the 
hyposulphuric  acid  remains  in  solution.     R. 
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Section  VI.     Phosphorus. 

Si/mb.  iS)>.  Gr,  Chem,  Bkpiiv. 

P.  4.3269    Air    =  1         Br  Vol.    26 

62.80       Hyd.s=l  *' Wght.  16.7 

555.  Phosphorus  (^Mia^^^g  from  ^c^;  light  and  qfiqa^v  to  carry) ^  Name 
so  called  from  its  property  of  shining  in  the  dark,  was  discovered 
about  the  year  1669  by  Brandt,  an  alchemist  of  Hamburgh.  It  was 
originally  prepared  from  urine  ;  but  Scheele  afterwards  described  a 
method  oi  obtaining  it  from  bones,  which  is  now  generally  prac- 
tised. 

556.  The  object  of  the  process  is  to  bring  phosphoric  acid  in  con- 
tact  with  charcoal  at  a  strong  red  heat.  The  charcoal  takes  oxy- 
gen from  the  phosphoric  acid ;  carbonic  acid  is  disengaged,  and 
phosphorus  is  set  free. 

As  the  process  for  obtaining  phosphorus  is  tedious  and  not  unat-  prooesa. 
tended  with  danger,  and  as  it  can  readily  be  obtained  from  the  drug- 
gist, it  will  be  sufficient  to  illustrate  the  principle  on  which  it  is  pre- 
pared. 

For  this  purpose  30  or  40  srains  of  a  mixtare  of  phosphoric  acid,  or  of  the 
soperphospnate  of  lime,*  with  half  its  weight  of  coarcoal  may  be  pot  into  a 
class  tube  sealed  at  one  end,  about  a  foot  in  ^ngth  and  half  an  inch  in  diameter. 
The  tube  should  be  coated  with  a  mixture  of  two  parts  of  claj  and  one  of  sand, 
previously  mixed  with  cut  thread  or  flax,  and  then  wrapped  round  with  iron 
wire,  llie  coating  need  not  extend  farther  than  an  inch  beyond  the  part  to 
which  the  mixture  reaches  when  it  has  been  introduced,  as  this  alone  is  to  be 
exposed  to  heat.    It  is  placed  in  a  chaufTer  with  a  hole  cut  in  Fig-  153. , 

the  side,  as  shown  in  the  figure,  and  a  chimney  placed  over 
it  to  increase  the  heat ;  the  tube  should  be  gently  inclined 
downwards,  to  canr  off  any  watery  vapour,  and  the  end 
which  is  not  coated,  had  better  be  drawn  out  at  the  blow- 
pipe when  the  mixture  ha^  been  put  in,  till  it  is  about  a 
quarter  or  an  eighth  of  an  inch  in  diameter.  A  green  glass 
tube  is  better  than  one  of  flint  glass,  as  it  is  not  so  easily 
melted.  A  mixture  of  red  hot  cinders  and  charcoal  gives 
the  best  fire  for  this  experiment.  When  the  heat  has  be- 
oome  sufficient,  the  phosphorus  comes  over,  condensing 
along  the  sides  of  the  tube,  and  a  flame  appears  at  the  open 
end,  similar  to  what  is  produced  by  the  combustion  of  phos- 
phorus. If  the  tube  is  broken  off  above  the  point  where  it  is  coated,  after  gas 
ceases  to  be  disengaged,  on  blowing  through  it  the  phosphorus  will  take  fire  and 
bum  with  a  vivid  light.    Reid. 

657.  Pure  phosphorus  is  transparent  and  almost  colourless.     It  is  pronertiea 
so  soft  that  it  may  be  cut  with  a  knife,  and  the  cut  surface  has  a      *^ 
waxy  lustre.     At  the  temperature  of  108^  it  fuses,  and  at  55Xf  is 
converted  into  vapour,  which  according  to  Dumas  has  a  sp.  gr. 
of  4.355. 

Phosphorus  is  exceedingly  inflammable.  Exposed  to  the  air  at 
common  temperatures,  it  undergoesslow  combustion,  emits  a  white 
vapour  of  a  peculiar  alliaceous  odour,  appears  distinctly  luminous 
in  the  dark,  and  is  gradually  consumed.  On  this  account,  phos- 
phorus should  always  be  kept  under  water. 

•       I  ■   ■■  ■    ■  - 

*  Obtained  by  di^sting  calcined  bones  for  a  day  or  two  with  half  their  weight  of 
strong  sulpha  ric  aad,  with  the  addition  of  so  much  water  as  will  give  tho  consis- 
tence of  a  thio  P*<te ;  sparingly  soluble  sulphate  and  a  solable  superphosphate  of 
lime  are  found.  The  latter  is  dissohed  in  warm  water,  and  after  filtration,  evaporated* 
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OeP'in.  The  disappearance  of  oxygen  which  accompaoies  these  changes 
is  shown  by  putting  a  stick  of  phosphorus  in  a  jar  full  of  air,  in- 
Yerted  over  water.  The  volume  of  the  gas  gradually  diminishes  ; 
and  if  the  temperature  of  the  air  is  nt  60^,  the  whole  of  the  oxygen 
will  be  withdrawn  in  the  course  of  12  or  24  hours.  The  residue  is 
nitrogen  gas,  containing  about  l-40th  of  its  bulk  of  the  vapour  of 
phosphorus.  It  is  remarkable  that  the  slow  combustion  of  phos- 
phorus does  not  take  place  in  pure  oxygen,  unless  its  temperature 
be  about  80^^  But  if  the  oxygen  be  diluted  with  nitrogen,  hydro- 
gen, or  carbonic  acid  gas,  the  oxidation  occurs  at  60^ ;  and  it  takes 
place  at  temperatures  still  lower  in  a  vessel  of  pure  oxygen »  rarefied 
by  diminished  pressure.  Graham  finds  that  minute  quantities  even» 
of  some  gases  have  [a  remarkable  efiect  in  preventing  the  slow  com-^ 
bustion  of  phosphorus.^ 

668,  If  a  stick  of  dry  phosphorus  be  dusted  over  with  powdered 
rosin  or  sulphur,  and  then  introduced  under  the  receiver  of  an  air- 
pump,  it  will  be  found  that,  as  soon  as  the  exhaustion  commences*, 
the  phosphorus  will  become  luminous,  which  appearance  increases 
as  the  rarefaction  proceeds,  until  finally  the  phosphorus  inflameii. 

In  all  experiments  with  phosphorus,  great  care  must  be  taken,  as 
it  is  so  easily  kindled.  It  should  be  cut  under  water  and  be  held 
by  forceps. 

A  very  slight  degree  of  heat  is  sufficient  to  inflame  phosphorus 
in  the  open  air.  Gentle  pressure  between  the  fingers,  or  a  tempera- 
ture not  much  above  its  point  of  fusion,  kindles  it  readily. 

According  to  Hlggins,  a  temperature  of  60^  is  sufilicieiit  to  set  it 
on  fire,  when  properly  dry. 

It  may  be  aet  on  fire  by  friction.  Rub  a  very  small  bit  between  two  pieces 
of  brown  paper ;  the  phoaphoroa  will  inflame,  aiid  will  aet  the  paper  on  firs 
alio. 

559,  Its  combustion  is  far  more  rapid  in  oxygen  gas»  and  the 
light  proportionally  more  vivid.t 

This  may  be  done  in  a  glaaa  vesael  of  the  annexed  shape.  (Fi^  154.)  It  is 
filled  with  water  after  putting  a  cork  into  the  opening  at  the  (op,  placed  on  the 
shelf  of  a  large  pneumatic  trough,  in  the  same  manner  as  a  jar,  ^|g.  J54, 
and  oxygen  gas  introduced  by  the  lower  aperture.  When  quite 
full,  it  18  allowed  to  drain,  removed  on  a  flat  plate  of  metal  and 
placed  over  a  small  cup  containing  the  phosphorus ;  sand  being 
placed  to  the  depth  of  half  an  inch  where  the  jar  is  to  rest.  The 
cork  is  then  taken^  out^  and  a  thin  plate  of  copper  placed  over  the 
top  after  the  phosphorus  has  been  kindled  by  an  iron  wire ;  the 
copper  plato  allows  part  of  the  oxygen  to  escape  freely  when  ex- 
panded  oy  the  heat.  Corks. should  never  be  put  in  the  mouths  of  the 
vessels,  as  they  are  generally  set  on  fire ;  and  if  the  expanded  gaa 
cannot  easily  escape,  the  apparatus  will  be  blown  to  pieces.  It  is  often  broken 
also,  when  a  larjge  quanti^  of  phoephoma  is  employed.  100  cubic  inchee  of 
oxygen  can  combme  with  about  24  grafha  of  phosphorus^  but  8  or  10  grains  will 
be  sufficient  for  this  experiment* 


Ex]k 


Conibas- 
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*  See  Quorf.  Jbur.  qfSd,  N.  S.  vi.  83.,  and  note  to  Ttamer^i  EltmenU,  Amer.  Edit. 
page  198. 

t  For  a  method  of  exhibiting  this  with  splendour  and  collecting  the  products, 
Bare't  compendium^  loa. 
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Fig.  155. 


Sect.  VI. 


Oxide  of  Photphomt. 

When  a  lar|^  jar  is  vied  it  will  be  mora  conyenient  to 
exhaust  the  air,  hy  means  of  the  air-pump,  connectiDg  it 
with  a  brass  plate  well  ground  to  the  upper  lip  of  the  |ar  ; 
(Fig.  155,)  as  the  air  is  pumped  out  the  water  will  rise ; 
when  the  jar  is  filled,  the  stop-cock  beins  closed,  the 
<sonnecting  pipe  may  be  detarhed.  Or  if  the  jars  are 
not  too  large,  the  air  may  be  drawn  out  by  the  mouth. 
It  is  pot  however,  always  necespary  to  fill  a  jar  with 
water,  as  the  gas  irom  it3  weight,  may  be  pasfed  in  by 
a  pipe  desciending  to  the  bottom  and  the  atmospheric  air 
be  oisplaced,  as  described  page  154. 

56jO.  When  kept  for  i^  long  time  under  water,  especially  if  ex-  Effect  of 
posed  to  light,  phosphorus  acquires  a  thin  coating   of  while  matter,  ^*^*»  *^ 
\yhich  according  to  Rose,*  seems  to  be  phosphorus  in  a  peculiar  me- 
chanical state,  which  deprives  it  of  its  usqal  action  upoQ  light,  and 
renders  it  ppaque. 

561.  Phosphjorus  is  soluble  in  oils,  and  communicates  to  them  Soiotion  in 
^he  property  of  appearing  luminous  in  the  dark  ;  alcohol  and  ether  ^'^^^* 
also  dissolve  it,  but  more  sparingly. 

This  may  be  shojvni  by  pouring  a  amall  quantity  of  either  of  these  liquids,  B|;p. 
in  which  phosphorus  has  been  dissolved,  upon  the  surface  of  warm  water  in 
a  dark  room. 

It  is  tasteless  and  insoluble  in  water,  but  proves  poisonous  when 
taken  into  the  stomach. 

562.  The  researches  by  Ber?eliu8  have  shown  that  the  oxygen  ^"1^.^^^ 
phQsphorus  and  phosphoric  acids  is  in  the  ratio  pf  3  to  5.     It  isjJP°<»I*®" 
hence  inferred  that  the  smallest  molecule  of  phosphoric  acid  con- 
tains five  atoms  of  px3*geD.    Also  Berzelius  finds  that  31.4  parts  of 
phosphorus  require  40  of  oxygen  for  forming  phospho.ric  acid :  if 

this  acid  .consist  of  one  atom  of  phosphorus  and  five  atoms  of  oxy- 
gen, 31.4  will  represent  one  atom  of  phosphorus ;  or  if  the  aci4 
contain  t^o  atoms  to  five,  the  atom  of  phosphorus  will  be  half  31.4 
or  15.7.  It  is  doubtful  which  view  is  preferable,  but  we  may  con- 
tinue to  use  15.7  as  its  equivalent.     T.  200. 

.563.  Phosphorus  is  largely  consumed  in  the  prepajratioo  of  match-  ^*^- 
es  -for  obtaining  instantaneous  light.t 

Oxide  of  Phosphorus. 

Goflopositioii. 

Pona,  Phoa,  Oiy,  Equw» 

3F40orP30       47.1  or  3  e^.      +      S  or  1  eq.    =:    66.L 

664.  When  a  jet  of  oxygen  gas  is  thrown  upon  phosphorus  while  *J?™J^-. 
in  fusion  under  hot  water,  comhustion  ensues^  phosphoric  acid  isphoj^ho. 
formed,  and  a  number  of  red  particles  collect,  which  have  been  con-  ms. 
«idered  as  oxide  of  phosphorus.     The  red  matter  left  when  phos- 
phorus is  burned  is  probably  of  the  same  nature. 

Place  a  few  grains  of  phoaphorus  in  a  deep  glass,  a  champaign  glass  is  the  ^^^- 
hest,  fill  it  up  with  hot  water,  and  pass  down  upon  the  phosphorus  a  stream  of 
oxyj^n  gas,  by  means  of  a  brass  pipe  (the  common  blow-pipe  of  jewellers  made 
-atraieht  answers)  attached  to  a  flexible  tube  connected  with  a  gasometer  or 
l>]adaer  containing  oxygen  gas. 

*  P9g,  AnncU.  xxvii.  666. 

t  The  matches  are  made  by  attaching  phosphorus  to  the  sulphur  in  which  they 
-are  previously  dipped,  or  by  dipping  them  into  a  composition  of  phosphorus,  chlorate 
of  potassa,  sulphuret  of  antimony  and  glue.  The  composition  for  what  are  known  as 
^*  Loco  foco*'  matches,  is  a  paste  made  with  about  4  parts  of  some  earthy  matter,  as 
powdered  chalk,  1  pait  jphosphoras,  and  1  glue,  dissolved  in  water  with  the  aid  of 
neat :  ioto  this  the  matches,  previously  prepared  with  sulphur,  are  dipped.  These 
snatches  ignite  by  slight  fricuon. 
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Chap.  III.  S65.  The  oxide  is  of  a  red  colour,  without  taste  or  odour,  and  inso- 
luble in  water,  ether,  alcohol,  and  oil.  It  is  permanent  in  the  air, 
even  at  662^  F.,  but  takes  fire  at  a  low  red  heat.  Heated  to  redness 
in  a  tube,  phosphorus  is  expelled,  and  metaphosphoric  acid  remains. 
It  takes  fire  in  chlorine  gas,  and  is  rapidly  oxidized  by  nitric  acid. 
It  does  not  appear  to  possess  any  alkaline  character.*    T.  2M. 

Hypophosphorau$  Acid, 

Composition. 

Form.  Pko8.  Oxy,  Eqniv. 

2P+0  or  P20  31.4  or  2  eq.     +     8  or  1  eq.        =        39.4 

SStom*^"      566.  This  acid  was  discovered  in  1816  by  Dulong.t    When  water 
add.  acts  upon  the  phosphuret  of  barium  the  elements  of  both  enter  into  a 

new  arrangement,  giving  rise  to  phosphuretted  hydrogen,  phosphor- 
ic acid,  hypophosphorous  acid,  and  baryta.  The  former  escapes  in 
the  form  of  gas,  and  the  two  latter  combine  with  the  baryta.  Hy- 
pophosphite  of  baryta  being  soluble,  may  consequently  be  separated 
by  filtration  from  the  phosphate  of  baryta,  which  is  insoluble.  On 
adding  a  sufficient  quantity  of  sulphuric  acid  for  precipitating  the 
baryta,  hypophosphorous  acid  is  obtained  in  a  free  state,  and  on 
evaporating  the  solution,  a  viscid  liquid  remains,  highly  acid  and 
even  crystallizable,  which  is  a  hydrate  of  hypophosphorous  acid. 

*  An.  deCh.etde  Ph.  1.83. 

Tarriflr'a  math-     Verrier  has  recently  proposed  the  following  method  of  obtaining  pure  oxide  of 

odof  obuiniiif  phosphorus,  which,  he  is  of  opinion,  has  not  been  previously  procured.    Take  a  fflass 

phMpbomi.*'     globe,  capable  of  holding  about  two  pints,  the  neck  of  which  is  about  four  inches  long. 

and  one  inch  wide }  pour  into  this  a  little  chloride  of  phosphorus,  then  introduce,  ol 

phosphorus,  previously  dried  on  paper,  and  cut  into  pieces  of  about  eight  ffreins  each, 

enough  to  form  a  stratum  of  four  fifths  of  an  inch  thick,  at  the  bottom  of  the  globe ; 

add  suffictent  chloride  of  phosphorus  to  cover  the  phosphorus,  and  expose  the  >^bole 

to  the  air ;  eight  or  ten  globes  thus  prepared  are  required  to  obtain  thirty  grains  of 

oxide.    In  twentyfonr  hours,  a  thick  white  crust  of  phosphatic  acid  is  formed  at  the 

torface  of  the  solution,  whilst  below  the  stratum  of  pnospnorus  a  yellow  substance  is 

aeen  which  is  a  compound  of  phosphoric  acid  and  oxide  of  phosphonis,  called  by  Ver- 

Tier  phosphate  qf  oxide  qfphomhonu. 

In  twentyfour  hours  after  tlie  appearance  of  the  whitish  matter,  the  chloride  of 
phosphorus  is  poured  off,  to  serve  for  another  operation  ;  the  pieces  of  phosphorus  are 
detached  a.m\  gradually  aUowed  to  fall  into  cold  water.    The  water  becomes  of  a  deep 

Jrellow  colour Trom  dissolvine  the  phosphate  j  by  decanting  and  filtering  a  limpid  yeU 
ow  liquid  is  obtained.  By  neating  this  solution,  the  phosphate  decomposes  at  about 
177^  F.  into  phosphoric  acid,  and  a  yellow  flocculent  matter,  which  collects  at  the  bot- 
tom, and  is  consiaered  as  hydrated  phosphoric  acid,  nearly  insoluble  in  water.  This 
is  washed  upon  a  filter  with  hot  water,  removed  from  it  while  moist,  to  a  porcelain 
capsule,  and  dried  in  vacuo  over  sulphuric  acid.  The  oxide  of  phosphonis  remains 
pure,  in  the  form  of  small  grains  of  a  red  colour,  but  when  in  fine  powder,  of  canary 
yellow.    Its  composition  according  to  Verrier  is 

Oxy.  11.36  Phos.  66.65 

pMD^tiM.  ^^  ^'  insoluble  in  water,  alcohol,  and  ether;  it  is  denser  than  water*    When  removed 

FropartiM.        fj^,^  ^^  vacuum  it  has  neither  taste  nor  smell,  but  is  acidified  by  moist  air  or  oxygen 
yielding  a  slight  odour  of  phosphuretted  hydrogen.    It  is  not  luminous  in  the  dark. 

Out  of  contact  of  the  air  it  may  be  Kept  at  a  temperature  of  aliout  670°  without 
decomposing,  but  becomes  of  a  bright  red  colour.  At  a  temperature  a  little  below  that 
of  boiling  mercurVf  it  decomposes  rapidly,  phosphorus  distils,  and  white  phosphoric 
acid  remains.  Heated  in  the  air  it  is  unchanged,  and  bums  only  when  it  disengages 
phosphorus.  Chlorine  converts  it  into  chlonde  of  phosphorus  and  phosphoric  acid. 
Nitnc  acid  converts  it  into  phosphoric  acid. 

Mixed  with  chlorate  of  potassa  it  ^ives  a  fulminating  powder,  which  detonates  some> 
times  during  the  mixture,  and  without  pressure ;  it  always  explodes  under  slight 

Eessure-    Tne  hydrate  was  inlierred  to  contain  20.6per  cent,  of  water,  its  composition 
ing  very  nearly  oxide  I  eq.  water  2.    Ann.  de  OUm.  et  de  Phvs.  July,  1837,  and 
Lond.  and  Edin.  Phil.  Mag.  Oct.  1838.  t  An.  de  Ch.  et  Ph.  il 
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H]^ophospkorou8  acid  is  a  powerfirl  deoxidizing  agent.    It  unites    «^t.  vi. 
vnih  alkaline  bases ;  and  it  is  remarkable  that  all  iis  salts  are  solu- 
ble in  water. 

Phosphcrous  Add, 

Form,  Compoiiition. 

Phos.  Oxy.  Equiv. 

8P+30,  PorP203         31.4  or  2  eq.     +   24or3«q.     =     56.4 

667.  Phosphorous  acid  may  be  procured  by  subliming  phosphorus  phospho- 
through  powdered  bichloride  of  mercury  contained  in  a  glass  ^"b® » JJJJ^^ 
when  a  limpid  liquid  comes  over,  which  is  a  compound  of  chlorine 
and  phosphorus."^  This  substance  and  water  mutually  decompose 
each  other :  the  hydrogen  of  water  unites  with  the  chlorine,  and 
forms  hydrochloric  acid ;  while  the  oxygen  attaches  itself  to  the 
phosphorus,  and  thus  phosphorous  acid  is  produced.  The  solution  is 
then  evaporated  to  the  consistence  of  sirup  to  expel  the  hydrochloric 
acid ;  and  the  residue,  which  is  hydrate  of  phosphorous  acid,  be- 
comes a  crystalline  solid  on  cooling.  It  is  also  generated  during  the 
alow  oxidation  of  phosphorus  in  atmospheric  air.  The  product  at- 
tracts moisture  from  the  air,  and  forms  an  oil-like  liquid. 

568.  It  dissolves  readily  in  water,  has  a  sour  taste,  and  smells  properties, 
somewhat  like  garlic.     It  unites  with  alkalies,  and  forms  salts  which 

are  termed  phosphites.  The  solution  of  phosphorous  acid  absorbs 
oxygen  slowly  from  the  air,  and  is  converted  into  phosphoric  acid. 
From  its  tendency  to  unite  with  an  additional  quantity  of  oxygen,  it 
is  a  powerful  deoxidizing  agent ;  and  hence,  like  sulphurous  acid, 
precipitates  mercury,  silver,  platinum,  and  gold  from  their  saline 
combinations  in  the  metallic  form.  Nitric  acid  converts  it  into  phos- 
phoric acid. 

Phosphoric  Acid. 

Form*  GompoftitioD. 

Pho9;  Oxy.  Equiv^ 

2P+60,  P,  or  post         31.4  or  2  eq.      +      40  or  6  eq.        =         71.4 

569.  In  1S27,  Clarke  of  Aberdeen,  showed  that  under  the   tenn  Phofphorie 
phosphoric  add,  had  previously  been  confounded  two  distinct  acids,  •^**" 

one  of  which  he  proposed  to  aistinguish  by  the  name  of  pyrophos- 
phoric  acid  (from  nvQ  Jire,)  to  indicate  that  it  is  phosphoric  acid 
modified  by  heat ;  and  Graham  has  described  another  to  which  he 
has  given  the  provisional  name  of  metaphosphoric  (from  jneia  togethr 
er  with),  implying  phosphoric  acid  and  something  besides.  These 
acids  contain  phosphorus  and  oxygen  in  the  same  ratio,  and 
have  the  same  equivalent,  so  that  they  maybe  considered  as  isomeric 
bodies  (page  36) ;  but  that  difference  in  the  arrangement  of  their 
elements  on  which  their  peculiarities  may  be  presumed  to  depend, 
is  very  slight,  since  they  are  easily  convertible  into  each  other. t 

♦  DaTy*8  EUemenis,  p.  288. 

t  But  as  it  cannot  exist  uncombined,  it  is  best  denoted  by  X*  PO",  where  X  repre- 
sents an  equivalent  of  water,  or  any  base.    T.  203. 

t  PkU,  TroM,  1883,  part  ii.,  and  PhU.  Mog,  3d  Series,  iv.  4f  1. 
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Chap.  III.  670.  Phosphoric  acid  may  be  obtained  by  oxidizitfg  phosphorus 
by  strong  nitric  acid  ;  but  great  care  is  required  as  the  action  is  often 
very  violent,  attended  with  a  rapid  evolution  of  great  quantities  of 
binoxide  of  nitrogen. 

Ezp.  Place  a  few  fragments  of  phoapfaorus  in  a  deep  and  strong  ^|f*Jf^' 

flass  vessel,  of  the  fonn  represented  in  the  ficare.  (Fig.  156.) 
^our  upon  it,  from  a  vessel  attached  to  the  end  of  a  long  stick, 
an  ounce  or  more  of  nitric  acid  recently  prepared  from  nitre 
and  suluhoric  acid,  if  the  acid  is  very  strong  and  warm,  vio- 
lent and  dangerous  explosion  often  occurs,  and  the  acid,  frag- 
ments of  phoepbonis  and  of  glass  are  thrown  to  a  considerable 
distance.  A  platinum  vessel  is  preferable,  and  should  be 
firmly  secured  to  the  table. 

^^fo^^^*-  571.  Phosphoric  acid  may  be  prepared  at  a  much 
cheaper  rate  from  bones.  For  this  purpose,  super- 
phosphate of  lime,  obtained  in  the  way  already  de- 
scribed, (666)  should  be  boiled  for  a  few  minutes  _____ 
with  excess  of  carbonate  of  ammonia.  The  lime  is  thus  precipitated 
as  a  phosphate,  and  the  solution  contains  phosphate,  together  with  a 
little  sulphate  of  ammonia.  The  liquid,  after  fUtration,  is  evapora- 
ted to  dryness,  and  then  ignited  in  a  platinum  crucible,  by  which 
means  the  ammonia  and  sulphuric  acid  are  expelled. 

Properties.  ^^2.  Phosphoric  acid  is  colourless,  intensely  sour,  reddens  litmus, 
and  neutralizes  alkalies.  It  is  concentrated  by  evaporation  at  300^ 
F.,  and  becomes  dark,  and  thick  ns  treacle  when  cold.  It  consists 
of  71.4  parts  or  1  equiv.  phosphoric  acid  and  27  parts  or  3  equjv. 
water. 

Unites  573.  Phosphoric  acid  is  remarkable  for  its  tendency  to  unite  with 

with  bases,  j^n^j^jing  bases,  in  such  profKirtions  that  the  oxygen  of  the  base  and 
of  the  acid  is  as  3  to  5 ;  or,  in  other  words,  it  is  prone  to  form  sub- 
salts,  in  which  one  equivalent  of  acid  is  combined  with  three  equiv- 
alents of  base.  It  manifests  the  same  character  in  regard  to  water, 
and  ceases  to  be  phosphoric  acid  unless  three  equivalents  of  water 
to  one  of  acid  are  present ;  it  even  appears  that  the  water  acts  the 
part  of  a  base,  hence  called  basic  water,  and  that  the  aqueous  solu- 
tion is  not  a  mere  solution  of  phosphoric  acid,  but  of  triphosphate  of 
water,  a  sort  of  salt  composed  of  one  equivalent  of  acid  and  three 
equivalents  of  water.  Part  of  this  basic  water  enters  along  with 
soda  into  the  constitution  of  two  of  the  phosphates  of  soda,  the 
water  and  soda  together  forming  the  three  equivalents  of  base  re- 
quired by  one  equivalent  of  the  acid.     T.  203. 

Test.  574.  A  certain  test  between  phosphoric  and  arsenious  acids  is, 

that  the  former  is  neither  changed  in  colour  nor  precipitated 
when  a  stream  of  hydrosulphuric  acid  gas  is  transmitted  through  it; 
while  the  latter,  with  the  required  precautions,  first  acquires  a  yel- 
low tint,  and  then  yields  a  yellow  precipitate. 

675.  Pyrophospkoric  Acid. — This  acid  is  formed  by  exposing  con- 

^loncadd  ^®"^''*^^^  phosphoric  acid  for  some  time  to  a  heat  of  415*.     Its  general 
'  characters  resemble  those  of  phosphoric  acid ;  it  is  remarkable  for 
its  tendency  to  unite  with  two  equivalents  of  a  base. 

Metaphos-       576.  Metaphosphoric  Acid,  HO.PO^,    is   obtained    by   burning 

phoricaeid.  phosphorus  in  dry  air  or  oxygen  gas,  or  heating  to  redness  a  con- 
centrated solution  of  phosphoric  or  pyrophosphoric  acids. 
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577.  The  peculiarity  of  this  acid  is  to  combine  with  one  equiva*   Sect,  vii. 
lent  of  a  base.     On  exposing  the  anhydrous  acid  to  the  air  it  rapidly  Pecaliaritj. 
deliquesces,  and  at  the  same  time  acquires  its  basic  water,  which 
can  only  be  replaced  by  an  equivalent  quantity  of  soda  or  some  other 
alkaline  base.     The  pure  hydrated  acid  is  of  itself  very  fusible,  and 
on  cooling  concretes  into  a  transparent  brittle  solid,  being  known  un* 
der  the  name  of  glacial  phosphoric  acid,  which  is  highly  deliquescent,  Gladil 
and  can  hence  only  be  preserved  in  its  glassy  state  in  bottles  care-  ■^^ 
fully  closed.     This  acid  when  free,  occasions  precipitates  in  solu- 
tions of  the  salts  of  baryta,  and  most  of  the  earths  and  metallic  ox- 
ides, and  forms  an  insoluble  compound  with  albumen. 


Section  VII.     Boron, 

Symb,  B.  E^m9. 10.9  eq.  vol.    s=    100 

578.  Boron  was  discovered  by  Davy,  by  the  action  of  Voltaic  Boron, 
electricity  upon  boracic  acid,  hence  its  name.     It  was  also  obtained 

by  Gay-Lussac  and  Thenard  in  1806,"^  by  heating  boracic  acid  with 
potassium,  the  boracic  acid  being  deprived  of  its  oxygen  and  the  bo- 
ron set  free.  The  easiest  method,  according  to  Berzelius,  is  to  de- 
compose borofluoride  of  potassium  or  sodium  by  means  of  potas- 
siuro.t 

579.  Boron  is  a  dark  olive-coloured  substance,  which  has  neither  Propertiet. 
taste  nor  smell,  and  is  a  non-conductor  of  electricity.     It  is  insoluble 

in  water,  alcohol,  ether  and  oils.  It  does  not  decompose  water.  It 
bears  intense  heat  in  close  vessels,  without  fusing  or  undergoing  any 
other  change  except«a  slight  increase  of  density.  Its  speciSc  gravity 
is  about  twice  as  great  as  that  of  water.  It  may  be  exposed  to  the 
atmosphere  at  common  temperatures  without  change ;  but  if  heated 
to  600°,  it  suddenly  takes  fire,  oxygen  gas  disappears,  and  boracic 
acid  is  generated.  It  also  passes  into  boracic  acid  when  heated  with 
nitric  acid,  or  with  any  substance  that  yields  oxygen  with  facility. 

580.  According  to  the  experiments  of  Davy  and  Berzelius,  boron  UdIod  with 
in  burning  unites  with  200  per  cent,  of  oxygen ;  and  the  latter,  from  Ozygcn. 
the  composition  of  borax,  estimates  the  oxygen  in  boracic  acid  at 

68.8  per  cent. 

Boracic  Acid. 

Sjfmb,  B+30,  B  or  BO*  Equiv.  84.9 

581.  This    is   the   only  known    compound  of   boron   and   oxy-  Boracic 
gen.     It  is  found  in  the  hot  springs  of  Lipari,  and  in  those  of  acid. 
Sasso  in  the  Florentine  territory.     It  is  a  constituent  of  several  mi- 
nerals, as  the  datholite  and  boracite.     It  occurs  much  more  abun- 
dantly under  the  form  of  boraxt  a  native  compound  of  boracic  acid 

and  soda. 

582. '  It  is  prepared  for  chemical  purposes  by  adding  sulphuric  acid  procesa. 
to  a  solution  of  purified  borat  in  about  four  times  its  weight  of  boil- 


*See  the  original  memoirs  io  the  Ann.  de  Chim.  tt  de  Phys.  xxti.  06, 113,  and 
an  abstract  in  the  Quart.  Jour,  xriii.  149. 

iAnn,  PhOot.  zxvi.  138. 
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Silicon. 


Chap,  m.  ing  water,  till  the  liquid  acquires  a  distinct  acid  reaction.  The  sul- 
phuric acid  unites  with  the  soda ;  and  the  boracic  acid  is  deposited^ 
when  the  solution  cools,  in  a  confused  group  of  shining  scaly  crys- 
tals. It  is  then  thrown  on  a  filter,  washed  with  cold  water  to  sepa- 
.rate  the  adhering  sulphate  of  soda  and  sulphuric  acid,  and  still 
further  purified  by  solution  in  boiling  water  and  re-crystallization. 
It  is  apt  to  retain  a  little  sulphuric  acid  ;  and  on  this  account,  when 
required  to  be  absolutely  pure,  it  should  be  fused  in  a  platinum  cru- 
cible, dissolved  in  hot  water  and  crystallized. 

Properties.  583.  Boracic  acid  in  this  state  is  a  hydrate,  which  contains  43.62 
per  cent,  of  water,  being  a  ratio  of  34.9  parts  or  one  equivalent  of 
the  anhydrous  acid  to  27  parts  or  three  eq.  of  water.  This  hydrate 
dissolves  in  25.7  times  its  weight  of  water  at  60**,  and  in  3  times  at 
212^.  Boiling  alcohol  dissolves  it  freely,  and  the  solution,  when  set 
on  fire,  burns  with  a  beautiful  green  flame ;  a  test  which  affords  the 
surest  indication  of  the  presence  of  boracic  acid.  Its  specific  gravity 
is  1.479.  It  has  no  odour,  and  its  taste  is  rather  bitter  than  acid. 
It  reddens  litmus  paper  feebly,  and  efiervesces  with  alkaline  carbo-^ 
nates.  Its  acid  properties  are  weak,  and  the  borates,  when  in 
solution,  are  decomposed  by  the  stronger  acids. 

584  When  exposed  to  a  gradually  increasing  heat  in  a  platiqum 
crucible,  the  water  of  crystallization  is  expelled,  and  a  fused  masa 
remains,  which,  on  cooling,  forms  a  hard,  colourless,  transparent 
glass,  which  is  anhydrous  boracic  acid.  If  the  water  of  crystalliza^ 
tion  be  driven  ofif  by  the  sudden  application  of  a  strong  heat,  a  large 
quantity  of  boracic  acid  is  carried  away  during  the  rapid  escape  of 
watery  vapour.  Vitrified  boracic  acid  should  be  preserved  in  well- 
stopped  vessels ;  for  if  exposed  to  the  air,  it  absorbs  water,  and  gra- 
dually loses  its  transparency.  Its  specific  gravity  is  1.803.  It  is 
exceedingly  fusible,  and  communicates  this  property  to  the  substances 
with  which  it  unites.     For  this  reason  borax  is  often  used  as  a  fiux^ 


Effector 
hmt. 


How  ob- 
tained. 


Srction  YIIL     Silicon, 

Stfmb,  Si.       Equiv,  22.6 

Dwcofery.  535.  It  was  shown  by  Davy  that  silica  is  a  compound  of  a  com- 
bustible body  and  oxygen,  to  which  the  name  silicium  was  given ,  but 
which  is  now  termed  silicon.  Silicon  was  obtained  by  Berzelius  in 
1824,  by  the  action  of  potassium  on  fluosilicic  acid  gas ;  it  may  be 
more  conveniently  prepared  from  the  double  fluoride  of  silicon  and 
potassium,  or  sodium,  heated  in  a  glass  tube  with  potassium » 
which  unites  to  the  fluorine  and  the  silicon  is  separated,  united 
with  a  little  hydrogen.  It  is  purified  by  a  red  heat  and  digestion  in 
dilute  hydrofluoric  acid.* 

586.  Silicon  has  a  dark  brown  colour,  but  no  metallic  lustre.  It 
is  a  non-conductor  of  electricity. 

Before  ignition  it  is  not  oxidized  or  dissolved  by  sulphuric,  nitric, 
or  nitro-hydrochloric  acids,  but  is  soluble  in  hydrofluoric  acid,  and 
in  a  hot  concentrated  solution  of  caustic  potassa.  It  undergoes  par- 
tial combustion  in  air  and  oxygen  gas. 


Properties. 


*  ilfift.  PhUoa»  xxri.  116. 
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After  combustion  on  its  surface  the  silica  is  removed,  by  hydro-  gact.  vni. 
fluoric  acid,  and  the  silicon  within  is  insoluble.  A  difference  attribu-' 
ted  by  Berzelius  to  a  difference  in  the  aggregation  of  the  particles.^ 

587.  Silicon  is  not  changed  by  ignition  with  chlorate  of  potassa.  Ozidatioii 
In  nitre  it  does  not  deflagrate  until  the  temperature  is  raised  so  high  ^' 
that  the  acid  is  decomposed.  It  burns  vividly  when  brought  into 
contact  with  carbonate  of  potassa  or  soda,  and  the  combustion  en- 
sues at  a  temperature  considerably  below  that  of  redness.  It  ex- 
plodes in  consequence  of  a  copious  evolution  of  hydrogen  gas,  when 
it  is  dropped  upon  the  fused  hydrate  of  potassa,  soda,  or  baryta. 

668,  Berzelius  ascertained,  by  oxidizing  a  known  weight  of  sili- E^u^y^Jiept. 
con,  that  100  parts  of  silicic  acid  are  composed  of  48,4  of  silicon  and 
61.6  of  oxygen.  Now  if  silicic  acid,  as  Thomson  supposes,  be  comr 
posed  of  single  atoms  of  its  elements,  then  the  equivalent  of  silicon 
will  be  7.5;  but  if,  as  Berzelius  believes,  the  smallest  molecule  of 
that  acid  contain  three  atoms  of  oxys^en  united  with  one  atom  of 
silicon,  the  equivalent  of  silicon  would  be  22.$.  Th^  latter  view  is 
supported  by  very  strong  analogies.     T. 

Silieic  Acid — Silica. 

Si+30,"si,orSi03  4jl.5 

589.  Silica  or  siliceous  earth  if:  an  abundant  natural  product,  con- A^i>^m^ 
stituting  a  principal  ingredient  of  extensive  mountain  masses,  of""^-^*' 
sand,  and  of  several  minerals  as  quartz,  calcedony»  op^lj  &c.     It  is 

an  important  part  of  fertile  soils,  rendering  them  porous  and  open  to 
the  transmission  of  water.  It  abounds  in  the  natural  bpt  springs  of 
Iceland  and  of  the  Azores,!  and  is  probably  an  universal  ingrer 
dient  in  thermal  waters.  It  exists  in  the  epidermis  of  mpst  mouoco- 
tyledonous  plants.^ 

590.  The  purest  form  of  silica  is  rock  crystal,  from  which  itQbttiaedl 
may  be  procured  of  sufficient  purity  for  most  purposes^  by  ignition,  pare. 

'  quenching  in  cold  water  and  reduction  to  powder.^ 

591.  Silica  is  white ;  its  sp.  gr.  is  2.69  ;  it  requires  a  very  high  ^pertieii,    ' 
temperature  for  fusimi.  In  its  ordinary  state  it  is  insoluble  in  water ; 

but  if  presented  to  water  while  in  the  nascent  state  it  is  dissolved  in 
large  quantities.il 

592.  Silica  has  no  action  on  test  paper,  but  in  its  chemical  rela-  Acid, 
tions  it  exhibits  the  properties  of  an  acid,  and  displaces  carbonic  acid 
bythe  aid  of  heat  from  the  alkalies,  hence  it  has  been  called  sUidc 
acid» 

593.  On  gently  evaporating  its  solution  in  water,  a  bulky  gelatin-  Aetion  of 
ous  hydrate  separates,  which  is  partially  decomposed  by  a  very  ^^^ 
moderate  temperature,  but  it  does  niot  part  with  all  its  water  except 

at  a  red  heat. 

594.  On  igniting  one  part  of  silicic  acid  with  three  of  carbonate  Lienor 
of  potassa,  a  vitreous  mass  is  formed,  which  is  deliquescent,  and  silicum. 


*  Berielius,  TYaiU  de  Chem.  l  ,370.  t  See  Webster's  Azore$, 

t  See  Daubeny'i  Report  on  Waten,  in  Rep.  Brit.  Astoe.  ▼. 

§  Pot  nuaote  details  see  Henry's  Chem,  i.  643.  It  Bentlias. 
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Clap,  m.  .may  be  dissolved  completely  ia  water.  This  solation  was  formerly 
called  liquor  silicum ;  it  has  an  alkaline  reaction,  and  absorbs  car- 
bonic ac]d  on  exposure  to  the  atmosphere  by  which  it  is  partially  de- 
composed. 

GUti.  595.  With  one  part  of  alkali  and  three  of  silicic  acid  the  well 

known  compound  gl(u$  is  formed*  Every  kind  of  ordinary  glass  is 
a  silicate,  and  its  varieties  are  owing  to  difierences  in  the  proportioa 
of  the  constituents,  to  the  nature  of  the  alkalii  or  to  the  presence  of 
foreign  matters.  Bottle  glass  is  obtained  from  cojnmoQ  sand^,  which 
contains  iron,  and  the  most  common  kind  of  kelp  or  pearlashes. 

TariatiM.  Crown  glass  for  windows  is  made  of  a  purer  alkali  and  sand  which 
is  free  from  iron.  Plate  glass  for  looking-glasses,  is  composed  of 
sand  and  alkali  in  their  purest  state ;  and  in  the  formation  of  Flint 
glasSt  hjBsidea  these  pure  ingredients,  a  considerable  quantity  of 
Utharge  or  red  lead  is  employed.^  A  small  portion  of  peroxide  of 
manganese  is  also  used,  in  order  to  oxidize  carbonaceous  matters 
contained  in  the  materials  ;  and  nitre  with  the  same  intention.! 

Aiywwtling.  596.  Olass  vessels  must  be  cooled  very  slowly,  or  anrualed^  other- 
wise they  are  very  brittle  When  properly  prepared,  glass  is  acted 
upon  by  few  chemical  agents,  t  Hydrofluoric  ac^d,  however,  attacks 
the  silica.^  The  metallic  bases  of  the  alkalies  appear  to  decompose 
it;  and  Davy  found  that  oxide  of  lead  in  fine  glass,  is  acted  upon 
by  hydrochloric  acid  ^t  a  high  teiAperaturei^  chjoxide  pf  l^ad  and 
^a^er  being  fo^med^ 


Section  IX.     Sdenium. 

Symb.  Sp,  Gr,  Eqtdn, 

Se  4.3  30.6 

5^7.  Selenium  was  discovered  in  1818  by  Berzelins  in  the  sul- 

§hur  obtained  by  sublimation  from  the  iron  pyrites  of  Fahlun  in 
Sweden.     It  exists  as  a  sulphuret  among  the  volcanic  products  of 
the  (iipari  islands ;  and  in  other  places,  combined  with  metals. 

floaroM  of      In  the  chambers  for  manufacturing  sulphuric  acid,  a  reddish  mass 
Mltniom, . ! 

*  For  maoy  chemical  processes  glass  vetsels  Tree  from  lead  shoald  be  employed. 
Those  made  of  German  potash  glass,  or  hard  white  glass  free  from  lead,  caa  now  bo 
obtained  of  any  rrauired  form  or  sin,  from  Riohanl  Griffin  dc  Co.  Glasgow,  Scot- 
land, and  I  hate  found  them  exceedingly  durable  and  well  adapted  to  all  required 
purposes.    W. 

t  The  art  of  colouring  glass  and  of  making  artificial  gems  is  of  an  old  date,  and 
efieeted  bv  metallic  oxides.  The  metals  employed  as  colouring  materials  are  1.  Gold. 
The  purple  of  cassios  imparts  a  fine  ruby  tint.  2.  Siher,  oxide  or  phosphate  of  sil- 
yer  gives  a  yellow  colour.  3.  Irou-oxides,  produce  green,  yellow,  and  brown.  4.  Cop. 
peroxides,  green }  with  a  small  proportiou  of  tartar,  the  oxides  produce  a  red.  6.  An- 
timony, gives  a  rich  yellow.  6.  Manganese,  the  black  oxide  in  large  uuaotity  gives  a 
black,  in  smaller  quantities  various  shades  of  purple.  7.  CobAlt,  blue.  8.  Chrome, 
greens  and  reds,  according  to  the  degree  of  oxidation.  On  this  subject  see  Nen 
Art  de  la  Verreriey  Ajiti.  de  Cfnm.  et  Phyt.  xiv.  ST.  Aikin's  Did*y.  Art.  GIomb, 
Dumas  TraiU  de  Onm.  II.  631. 

White  enamel  is  merely  glass  rendered  more  or  less  opaque  by  oxide  of  tin ;  it 
forms  the  basis  of  the  coloured  enamels,  which  are  tinged  with  the  metallic  oxides. 

t  Turner  found  that  steam  under  high  pressure  becomes  a  rapid  solvent  of  alkaline 
ailicates.    Geoi,  TVons.  Land,  ii.  96. 

f  For  a  method  of  exposing  siliceous  substauoas  to  hydroAuric  acid  see  Ldmd.  and 
Ed.  PhOoe.  Mag.  xiu.  473. 
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is  deposited,  which  is  priocipally  sulphur.    This  substance,  in  bum-    g>c«-ix 
ingi  gave  out  an  odour,  which  induced  Berzelius  to  suspect  that  it 
contained  tellurium,  but  on  a  minute  examination  he  discovered,  in- 
stead of  that  metal,  a  body  with  entirely  new  properties,  to  which  he 
has  given  the  name  of  Sdeniumj  from  Ssl-^it^fj  the  moon. 

598.  For  the  extraction  of  selenium  from  the  native  sulphuret,  Extnetkm 
Magnus  proposes  to  mix  it  with  eight  times  its  weight  of  peroxide  o{^^ 
manganese,  and  to  expose  the  mixture  to  a  low  red  heat  in  a  glass 
retort,  the  beak  of  which  dips  into  water.  The  sulphur,  oxidized  at 
the  expense  of  the  manganese,  escapes  in  the  form  of  sulphurous 
acid ;  while  the  selenium  either  sublimes  as  such  or  in  the  state  of 
selenioas  acid.  Should  any  of  the  latter  be  carried  over  into  the 
water,  it  would  there  be  reduced  by  the  sulphurous  acid. 

€99.  The  colour  of  Selenium  varies  a  good  deal.  When  rapidly  FnpeitiM. 
cooled,  its  surface  has  a  dark  brown  hue,  and  its  fracture  the  colour 
of  lead.  Its  powder  has  a  deep  red  colour,  bat  it  sticks  together 
when  pounded,  and  then  assumes  a  gray  colour  and  a  smooth  sur- 
face, its  specific  gravity  is  between  4.3  and  4.32.  It  softens  at  212^ 
F.,  and  completely  fuses  at  a  few  degrees  higher.  While  cooling, 
it  has  a  considerable  degree  of  ductility,  and  may  be  kneaded  be- 
tween the  fingers,  and  drawn  out  into  fine  threads,  which  have  a 
strong  metallic  lustre,  and  are  red  by  transmitted  light.  When 
slowly  cooled  it  assumes  a  granulated  fracture,  and  is  extremely  like 
a  piece  of  cobalt.  It  boHs  at  about  650^,  its  vapour  has  a  deep  yel* 
^w  colour,  -and  condenses  eith^  into  opaque  metallic  drops,  or, 
when  a  retort  with  a  large  neck  is  used,  into  flowers  of  a  fine  cinna* 
Iwir  colour.  ♦ 

600.  Wiien  hefi(ted  before  the  bk>w-pipe,  it  tinges  the  flame  of  a'TingM 
fine  azure -blue,  and  exhales  so  strong  a  smell  of  horse-radish,  that^^">^* 
a  fragment,  not  exceeding  ^  of  a  grain,  is  sufilcieat  to  fill  the  air  of 

a  large  apartment. 

601.  Berzelius  at  first  regarded  it  as  a  metal ;  but,  since  it  is  an 
imperfect  conductor  of  heat  and  electricity,  it  mc^re  properly  belongs 

to  the  class  of  the  simple  non-metallic  bodies.  He  has  shown  that  BQ„i^g,A 
selenic  acid  is  composed -of  24  parts  of  oxygen  and  39.6  of  selenium. 
This  substance,  also,  has  three  grades  of  oxidation,  the  oxygen  in 
the  two  last  of  which  is  in  the  ratio  of  2  to  3 ;  and  the  highest  grade, 
selenic  acid,  has  in  all  its  chemical  relations  a  singula:rly  close  ana- 
logy to  sulphuric  acid.  From  these  facts  it  is  inferred  that  selenic 
Acid  is  composed  -of  one  atom  of  seleniam  and  three  atoms  of  oxygen^ 

Ojide  of  Selenium. 

Composition. 
fbrm.  Selen,  Oxy,  SguJb. 

"Sol-O  89.6  or  1  eq.  +  Sor  1  eq.=47.6  Oiide  of 

602.  This  compound  is  formed  by  heating  selenium  in  a  limited 
quantity  of  atmospheric  air,  and  by  washing  the  product  to  separate 
selenious  acid,  which  is  generated  at  the  same  time.  It  is  a  colour- 
less gas,  very  sparingly  soluble  in  water,  and  i^  the  cause  of  the  pe- 
culiar odour  which  is  emitted  during  the  oxidation  of  selenium* 
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Chlorine. 


8elenioi|« 


|>BOompo- 
lecl. 


Selenio 
acid. 

PropeitMf* 


Chap,  in.  Seleniout  Acid. 

jnntn.  Sden,  Ory* 

.Se-f-SO  39.6  4.16or2eq.s58.6 

603.  This  acid  is  prepared  by  digesting  selenium  in  nitric  or  nitro- 
hydrochloric  acid  till  it  is  completely  dissolved.  On  evaporating  the 
solution  to  dryness,  a  white  residue  is  left,  which  is  selenious  acid. 
By  increase  of  temperature,  the  acid  itself  sublimes,  and  condenses 
again  unchanged  into  long  four-sided  needles.  It  attracts  moisture 
from  the  air,  and  dissolves  in  alcohol  and  water.  It  has  distinct  acid 
properties,  and  its  salts  are  called  seknites. 

604.  Selenious  acid  is  readily  decomposed  by  all  substances  which 
have  a  strong  affinity  for  oxygen. 

Sdenic  Acid. 

Se+30  S9.6  +24  or  8  eq.ss63.e 

605.  This  acid  is  prepared  by  fusing  nitrate  of  potassa  or  soda 
with  selenium,  a  metallic  seleniuret,  or  with  selenious  acid  or  any 
of  its  sahs.^ 

606.  Selenic  acid  is  a  colourless  liquid,  which  may  be  heated  to 
636^  without  appreciable  decomposition ;  but  above  that  point  de« 
composition  commences,  and  it  becomes  rapid  at  554",  giving  rise  to 
disengagement  of  oxygen  and  selenious  acid.  When  concentrated 
by  a  temperature  of  329"  its  specific  gravity  is  2.524 ;  at  512"  it  is 
2.60,  and  at  S45"  it  is  2.625,  but  a  little  selenious  acid  is  then 
jpresent. 

Selenic  acid  has  a  pofverful  affinity  for  water,  and  emits  as  much 
beat  in  uniting  with  it  as  sulphuric  acid  does.  Like  this  acid  it  is 
tiot  decomposed  by  hydrosulphuric  acid,  and  hence  this  gas  may 
be  emploved  for  decomposing  seleniate  of  the  oxides  of  lead  or  cop- 
^d6h^^pak  per.  Selenic  acid  dissolves  zinc  and  iron  with  disengagement  of 
""'^'^  hydrogen  gas,  and  copper  with  formation  of  selenious  acid.  It  dis* 
solves  gold  also,  but  not  platinum.  Sulphurous  acid  has  no  action 
on  selenic  acid,  whereas  selenious  acid  is  easily  reduced  by  it.  Con* 
sequently,  when  it  is  wished  to  precipitate  selenium  from  selenio 
acid,  it  must  be  boiled  with  hydrochloric  acid  before  sulphurous  acid 
is  added. 

Selenic  and  sulphuric  acids  are  not  only  analogous  in  composi* 
tioQ  and  in  many  of  their  properties,  but  the  similarity  runs  through 
their  compounds  with  alkaline  substances,  their  salts  resembling 
each  other  in  chemical  properties,  constitution,  and  form.    T. 


Section  X.     Chlorine. 


Timter 


By  Vol.    100 
"  Wgfht.   35.42 


Symb,  8^9.  Gr, 

CI  .     a.4700Air    s&l 

S6.43     Hyd.r=i 

diMmry.       ^07.  Chlorine  was  discovered  by  Scheele  in  1774 ;  it  was  called  by 

^nonymt.  him  dephlogisticated  marine  acid.     The  term  oxy-muriatie  acid  was 

afterwards  applied  to  it  by  t^ie  French  chemists.     From  its  colour 

the  name  by  which  it  is  now  known,  was  given  to  this  gas  by  Davy, 

from  the  Greek  sfijtt^  gteeB. 

«  For  a  description  of  tht  prooeit,  tee  Tuner's  EtemefOi  6th  ed.  p.  909. 
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608.  Chlorine  gas  may  be  formed  by  either  of  the  following  pro-    Sectx. 

cesses:  Method  of 

The  most  convenient  method  of  preparing  it  is  by  mixingr  concentrated  hydro-  obtaining 
chloric  acid,  contained  in  a  glass  Bask  or  tubulated  retort,  with  half  its  weight  of  ^'^^''^'^^* 
finel}r  powdered  peroxide  of  manganese.  Effervescence,  owing  to  the  escape  of 
chlorine,  takes  place  even  in  the  cold ',  but  the  ffas  is  evolved  much  more  freely 
by  the  application  of  a  moderate  heat.  It  should  be  collected  in  Inverted  glass 
bottles  mlod  with  warm  water ;  and  when  the  water  is  wholly  displaced  by  the 
sas,  the  bottles  should  be  closed  with  a  well  jpY)und  glass  stopper.  As  some  hy- 
drochloric acid  gas  commonly  passes  over  with  it,  the  chlorine  should  not  be 
considered  quite  pure,  till  after  being  transmitted  through  water. 

609.  The  theory  of  this  process  will  be  readily  understood  by  first  Theory, 
viewing  the  elements  which  act  on  each  other,  namely  : — 

Mang.      ,      27.7  or  1  eq.      Mn                  Chlor.    .    70.84  or  2  eq.      2CI 
Oxy.        .      16        2  eg.      20  Hyd.      .     2       or2eq.      2H 

Perox.  of  mang.  43.7  or  1  eq.  Mn-|-20  Hydroch.ac.  72.84  or  2  eq.  2(H-|-C1)} 

and  then  inspecting  the  products  derived  from  them,  namely, 

te       -.       :    S:l2     :        og:     l'    CWor.33.««rleq, 
Chloride  of  mang.  63.12  Water    18 

In  symbols 

Mn+20,  and  2(H+C1),  yield  Mn+Cl,  2(H-|-0),  and  CI. 

The  affinities  which  determine  these  changes  are  the  mutual  attrac- 
tion of  oxygen  and  hydrogeoi  and  of  chlorine  and  manganese. 

610.  When  it  is  an  object  to  prepare  chlorine  at  the  cheapest  rate,  Cheaper 
as  for  the  purposes  of  manufacture,  the  preceding  process  is  modified  P"^"* 
in  the  following  manner  : — 

Three  parts  of  sea-salt  are  intimately  mixed  with  one  of  peroxide  of  man^^nese, 
and  to  this  mixture  two  parts  of  sulpnuiic  acid,  diluted  with  an  equal  weight  of 
water,  are  added.  By  the  action  of  sulphuric  acid  on  sea-salt,  hydrochloric  acid 
is  disengaged,  which  reacts  as  in  the  rormer  case  upon  the  peroxide  of  mansa- 
nese ;  so  uiat,  instead  of  adding  hydrochloric  acid  directly  to  the  manganese,  the 
materials  for  forming  it  are  employed.  In  this  process,  however,  the  sulphates 
of  soda  and  protoxide  of  manganese  are  generatea,  instead  of  chloride  of  manga- 
nese. 

Thus  the  materials  which  act  on  each  other  are  MnO*,  NaCl  and 
aSO* ;  and  the  products  MnO,  S0»,  NaO,  SO"  and  CI. 

611.  The  gas  should  be  received,  when  it  is  intended  to  be  kept,  Method  of 
in  bottles  filled  with,  and  inverted  in,  water  of  Fig.  157.  collecting, 
the  temperature  of  80**  or  90**  F.,  and  provided 
with  accurately  ground  stoppers.    It  will  be  found 
also  much  to  diminish  the  loss  of  gas  by  absorp- 
tion, if  it  be  made  to  issue  from  a  gas  bottle,  the 
tube  of  which  is  sufficiently  long  to  reach  nearly 
to  the  bottom  of  the  inverted  receiving  bottle,  as 
in  Fig.  157.    The  stopper  must  be  introduced 
under  water,  while  the  bottle  remains  quite  full  of  the  gas  and  in- 
verted, and  no  water  must  be  left  in  the  bottle,  along  with  the  gas. 

Cold  recently  boiled  water,  at  the  common  pressure,  absorbs 
twice  its  volume  of  chlorine,  and  yields  it  again  when  heated. 

612.  Chlorine  is  an  elastic,  gaseous  fluid,  it  has  a  pungent  disa- 
greeable odour,  and  is  highly  injurious  when  respired  even  largely  P»«l*rtiet. 
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Chap  HI.  diluted  with  atmospheric  air.^    When  the  hand  is  iminersed  in  the 
gas  a  distinct  sensation  of  heat  is  perceived.    Its  colour  is  greenish 
yellow. 
Weight.         According  to  Davy  100  cubic  inches  of  dry  chlorine,  at  30  Bar. 
and  60^  F.  weigh  between  76,  and  77  grains.    Gay-Lussac  and 
Thenard  found  the  density  of  pure  and  dry  chlorine  to  be  2.47, 
which  gives  76.5988  grains  as  the  weight  of  100  cubic  inches  at  60* 
F.  and  30  Bar. 
DettRyys         ^^^*  Chlorine  gas,  in  its  ordinary  state,  destroys  all  vegetable 
yeg«un]e    colours.     This  may  be  shown  by  passing  into  the  gas  confined  by 
coloon.      water,  a  piece  of  paper  stained  with  litmus,  the  colour  of  which  will 
immediately  disappear.     Hence  the  application  of  this  gas  to  the 
purpose  of  bleaching,  its  power  of  effecting  which  may  be  shown  by 
confining,  in  the  gas,  a  pattern  of  unbleached  calico,  which  has  been 
previously  boiled  in  a  weak  solution  of  caustic  potassa,  and  then 
washed  in  water,  but  not  dried.    Chlorine  gas,  however,  which  has 
been  carefully  dried  by  solid  chloride  of  calcium,  and  into  which 
perfectly  dry  litmus  paper  is  introduced,  produces  no  change  of  col- 
our in  the  litmus,  a  sufficient  proof  that  its  bleaching  power  depends 
on  the  presence  and  decomposition  of  water. 

Bleaching       614.  The  bleaching  property  may  be  shown  by  water  impregna- 
property  il-  ted  with  the  gas. 

p.  *        For  this  purpose  fill  a  small  bottle  with  cold  water,  and  invert  it  on  the  shelf 

"*  of  the  pneumatic  trough,  pass  up  chlorine  until  about  one  half  the  water  is  di»> 

placed  from  the  bottle ;  close  its  mouth  with  the  thumb  under  water — agitate  the 
water  and  cas  together — invert  the  bottle  io  a  basin  of  cold  water  and  remove  the 
thumb.  Water  will  rush  in  to  supply  the  place  of  that  absorbed ;  more  gaa 
ma^  be  then  passed  up  and  the  process  repeated  three  or  four  times.  Stripe  of 
cahco  immersed  in  this  solution  will  soon  be  bleiiched. 

616.  Dry  chlorine,  is  not  condensable  by  a  cold  of  *— 40*  F. ;  bnt 
either  the  moist  gas,  or  a  solution  of  chlorine  in  water,  crystallizes  at 
32*.  The  crystals  may  be  obtained  -l^  introducing  into  a  clean 
bottle  of  the  gas,  a  little  water,  and  exposing  the  bottle  for  a  few 
days  to  a  temperature  at  or  below  freezing,  in  a  dark  place.  A  soK 
Hvdrateof  id  compound  of  chlorine  and  water  is  formed,  which,  in  a  day  or 
chJorine.  t^Q,  sublimes  and  shoots  into  delicate  prismatic  needles,  extending 
from  half  an  inch  to  two  inches  into  the  atmosphere  of  the  bottle. 

These  crystals  are  composed,  according  to  Faraday,  of  35.42  or  1 

atom  of  chlorine  -f"  90  or  10  atoms  water. 

Effect  of         ^^^-  Light  does  not  act  on  dry  chlorine  ;  but  if  water  l}e  present, 

lighu         the  chlorine  decomposes  that  liquid,  unites  with  the  hydrogen  to 

form  hydrochloric  acid,  and  oxygen  gas  is  set  at  liberty.     This 

change  takes  place  quickly  in  sunshine,  more  slowly  in  diffused 

daylight,  and  not  at  all  when  light  is  wholly  excluded.    Hence  the 

necessity  of  keeping  moist  chlorine  gas,  or  its  solution,  in  a  dark 

place. 

Snpporter       Chlorine  unites  with  some  substances  with  evolution  of  heat  and 

of  combos-  light,  and  is  hence  termed  a  supporter  of  combustion.    If  a  lighted 

tion*  taper  be  plunged  into  chlorine  gas,  it  burns  for  a  short  time  with  a 

*  In  case  chlorine  should  escape  into  the  apartment  and  be  inhaled,  relief  will  be 
found  by  ope^ng  a  bottle  of  aq.  ammonia  and  breathing  over  it.  Breathing  the  vapour 
of  spirits  of  wine  or  swallowing  tamps  of  sogai  steeped  in  aloohol,  is  said  to  be  ef« 
feotnaL 


Effect  of  Heat. 
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small  red  flame,  and  emits  a  large  quantity  of  smoke.  Phosphorus  Sect,  x. 
takes  fire  in  it  spontaneously,  and  burns  with  a  pale  white  light. 
Several  of  the  metals,  such  as  tin,  copper,  arsenic,  antimony,  and 
zinc,  when  introduced  into  chlorine  in  the  state  of  powder  or  in  fine 
leaves,  are  suddenly  inflamed.^  In  all  these  cases  the  combustible 
substances  unite  with  chlorine. 

Fill  a  narrow  jar  18  or  20  inches  in  length  with  chlorine,  and  sprinkle  into  it 
powdered  antimony ;  a  beautiful  shower  of  the  ignited  metal  will  be  perceived 
until  the  ^ar  becomes  filled  with  dense  white  fumes,  which  should  as  rar  as  pos- 
sible be  prevented  fi'om  escaping  into  the  room. 

Fig.  158. 

Put  some  mercury  into  a  copper  cup,  attached  to  a  thin  plate  of  cop- 
per, (Fig.  168,)  and  rubbed  over  with  a  little  gas-lute  to  prevent  the  met- 
als fix>m  combining,  and  place  it  in  a  bottle  of  the  gas,  after  heating  it 
in  the  flwne  of  a  spirit  lamp.  1%  will  take  fire  and  combine  with  the 
chlorine. 

The    most  elecant    way    of  making  these  eiqieriments  consists  in 
introducing  the  phosphorus  or  metallic  leaves  into  a  retort  furnished 
with  a  stop^cock,  and  exhausted  upon  the  air-pump ;  (Fie.  159.)  it  is  then  screw- 
ed into  the  cap  of  an  air  jar  of  cnlorine  also  fiirnisbed  with  a  stop-cock,  and 
standing  over  water  in  the  pneumatic  trough.    Upon  opening  the 
eooks  the  gas  rushes  from  the  jar  into  the  retort,  and  the  phospho- 
rus or  leaves  immediately  bum.    A  small  quantity  only  or  the 
metals  should  be  u^ed,  as  the  hent  is  sudden  and  often  sufficient 
to  crack  the  retort. 

As  retorts  are  very  liable  to  break  while  exhausting,  it  is  ad- 
Tisable  to  cover  them  with  a  cloth  during  the  process.    B.  139. 

617.  Chlorine  has  a  very  powerful  attraction  for  hy- 
drogen ;  and  many  of  the  chemical  phenomena,  to 
which  chlorine  gives  rise,  are  owing  to  this  property. 
A  striking  example  is  its  power  of  decomposing  water 
by  the  action  of  light,  or  at  a  red  heat ;  and  most  com- 
pound substances,  of  which  hydrogen  is  an  element,  are 
deprived  by  it  of  that  principle.  For  the  same  reason, 
when  chlorine,  water,  i^nd  some  other  body  which  has 
a  strong  affinity  for  oxygen,  are  presented  to  one 
another,  water  is  usually  resolved  into  its  elements,  its 
hydrogen  attaching  itself  to  the  chlorine,  and  its  oxy« 
gen  to  the  other  body.  Hence  it  happens  that  chlorine 
is,  indirectly,  one  of  the  most  powerful  oxidizing  agents 
which  we  possess. 

618.  It  is  not  altered  by  exposure  to  very  high  tem- 
peratures. By  means  of  the  apparatus,  (Fig.  160,)  Davy 
exposed  it  to  the  continued  action  of  charcoal  intensely 
ignited  by  voltaic  electricity,  without  the  smallest  change 
in  its  properties. 

A  glass  clobe  a,  of  about  four  inches  diameter,  has  at  its  upper 
part  a  slimng  wire  passinc  air-tight  through  a  ground  collar  b, 
to  the  lower  end  of  which  is  attached  a  piece  of  well  burned 
charcoal  e :  at  the  bottom  is  a  stop-cock  supoorting  a  pair  of  brass 
pincers,  in  which  is  another  pointed  piece  or  charcoal  e;  the  globe 
IS  exhausted  upon  the  air-pump,  filled  with  chlorine,  and  the  stop- 
cock d  and  sliaing  wire  e  attached  to  the  extremities  of  the  Voltaic 
apparatus ;  the  charcoal  points  are  then  brought  into  contact  by 
pushing  down  the  upper  wire,  and  they  are  thus  retained  as  long 
as  necessary  in  intense  ignition.    B. 


Fig.  IGO. 


Unaltered 
in  high 
tempera- 
tures. 


*  TbiM  is  seen  to  most  advantage  when  a  very  tall  narrow  jar  is  empkiyed. 
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Ch»P'  ni.       619.  When  chlorine  Is  suddenly  and  considerably  condensed  by 
Effect  of     mechanical  pressure,  not  onlv  heat  is  evolved,  as  from  all  other  gas- 
pressure,     es,  but  it  emits  a  weak  violet  coloured  light  also. 
Liqoefac-        Under  the  pressure  of  about  four  atmospheres  Faraday  discover- 
ttoDofchlo-ed  that  chlorine  is  a  limpid  liquid  of  a  bright  yellow  colour,  which 
does  not  freeze  at  the  temperature  of  zero,  and  which  assumes  the 
gaseous  form  with  the  appearance  of  ebullition  when  t)ie  pressure  is 
removed. 
Used  in  620.  Chlorine  is  useful  for  the  purposes  of  fumigation,  in  destroy- 

oaugBtion.  j^g  ^j^g  volatile  principles  given  off  by  putrefying  animal  matter 
and  contagious  ef&uvia.     A  peculiar  compound  of  chlorine  and  so- 
><"  'X  ^^3        ^^*  ^^^  nature  of  which  will  be  considered  in  the  section  on'ttdfamr 
^  ^  has  been  lately  introduced  for  this  purpose  by  Labarraque. 

Reeog-  621.  Chlorine  is  in  general  easily  recognised  by  its  colour  and 

*"**^*        odour.     Chemically  it  may  be  detected  by  its  bleaching  property, 

added  to  the  circumstance  that  a  solution  of  nitrate  of  oxide  of  silver 

occasions  in  it  a  dense  white  precipitate  (a  compound  of  chlorine  and 

metallic  silver,)  which  becomes  dark  on  exposure  to  light. 

Exp.  Into  a  weak  solution  of  common  lunar  caustie,  drop  a  amall  quantity  of  the 

water  impregnated  with  cbiofine. 

Those  compounds  of  chlorine,  which  are  not  acid,  are  termed 
chlorides  or  c/dorurets. 

Hydrogen  and  Chlorine — Hydrochloric  Acid. 

Composition. 

fhrm.  <S^.  Or.  Oilor.  Hyd.  Bquiv. 

H+Cl  1.2694    Air     ss  1  Bv  Vol.   200 

18.21       Hyd.  =  1        36.42      +  1        =s      '^   Wgt.    30.42 

Muriatic         622.  When  equal  volumes  of  hydrogen  and  chlorine  gases  are 
*^  s^-     mixed  and  exposed  to  light,  they  combine  and  produce  a  sour  com- 
pound commonly  called  muriatic  acid  gas  ;  or  in  conformity  to  more 
modern  nomenclature  hydrochloric  ctcid  gas. 

623.  Chlorine  and  hydrogen  gases  act  with  considerable  energy 
upon  each  other,  and  with  different  phenomena  accordingly  as  the 
experiment  is  conducted. 

Explosion  If  a  phial  be  entirely  filled  with  a  mixture  of  hydrogen  and  chlorine  gases  in 

of  chlorine  equal  proportions,  and  a  well  jrround  stopper  be  introduced,*no  action  takes 

aod  hydro-  pface,  provided  light  be  carefully  and  completely  excluded,  even   by  standing 

8^°*  i«me  Ume ',  but  on  applying  a  lighted  taper,  the  gases  immediately  explode. 

Into  a  small  but  strong  vessel,  guarded  from  the  light,  introduce 
equal  volumes  of  the  two  gases,  and  inflame  the  mixture  by  the 
electric  spark,  hydrochloric  acid  gas  results.  The  apparatus  shown 
at  Fig.  133,  may  be  used  for  the  purpose. 

The  vessel  should  be  previously  exhausted  by  the  air  pump,*  and  then  filled 
fixp.  with  the  mixed  gases.    An  electric  spark  may  now  be  passed  through  the  mix- 

ture, when  a  detonation  will  ensue,  to  avoid  anv  injury  from  which,  the  vessel 
should  be  wrapped  in  several  folds  of  cloth.    It  the  cock,  attached  to  the  ves- 


*  The  foot  a  being  unscrewed,  and  the  end  of  the  stop-cock  connected  with  the 
pump  plate. 
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mii^led  with  the  other  gases :  and  it  was  found  by  Davy  that  the  more  perfectly    geet.  X. 

this  is  excluded,  the  less  is  the  amount  of  the  contraction  of  volume.    If  the 

cock  be  now  opened  under  water,  and  left  there  for  a  few  minutes,   the   water 
will  be  found  to  have  ascended  and  entirely  fiUed  the  vessel. 

624.  If  a  phial  containing  the  mixed  gases  be  exposed   to  the  Effect  of 
san's  rays  a  detonation  will  ensue,  which  will  probably  drive  out  the  ^^^ 
stopper.     But  if  this  should  not  happen  the  stopper  may  be  removed 
under  water,  which  will  ascend  and  completely  fill  the  phial  as  in 

the  former  experiment. 

The  agency  of  light  may  be  beautifully  shewn  by  fiUing  a  tube  about  half  an  Ryn, 
inch  diameter,  and  12  inches  long,  with  the  mixed  gases,  and  alternately  shading 
it  with  an  opaque  cover,  and  exposing  it  to  the  sun's  rays.  The  moment  the 
tube  is  exposed  even  to  the  diffused  light  of  day,  a  cloudiness  will  appear  within 
it,  aiid  the  water  will  ascend  more  or  less  rapidly  accoiding  to  the  intensity  of 
the  lipht.  The  effect  even  of  a  passing  cloua  is  distinctly  seen  in  retarding  the 
rapidity  of  the  combination,  whicn  is  very  striking  in  the  full  solar  light.* 

625.  The  intense  light  issuing  from  charcoal  points  connected 
with  a  powerful  galvanic  battery  is  as  effectual  as  solar  light  in  act- 
ing on  hydrogen  and  chlorine  gases ;  showing  a  curious  analogy 
between  electric  and  solar  light ;  for  ordinary  arti6cial  light  does  not 
accelerate  the  combinaiion.t 

626.  Hydrochloric  acid  gas  difiers  essentially  from  either  of  its  Hvdn- 
components,  and  especially  in  being  instantly  absorbed  by  water.  To^^^i^cacid 
preserve  it,  therefore,  in  a  gaseous  state,  it  is  necessary  to  confine  it^**' 

by  quicksilver. 

627.  It  was  generated  "by  Faraday  in  close  tubes^  from  hydrochio-  Liquid, 
rate  of  ammolaia  and  ^Iphuric  acid,  in  a  liquid  state^  and  its  refrac- 
tive power  was  found  inferior  to  that  of  water.     The  pressure  of  its 
vapour  at  dO^  F.  was  equal  to  aWat  40  atmospheres. 

628.  To  t)btain  hydrochloric  acid  gas  in  sumcient  quantity  for  the  process  for 
exhibition  of  its  properties,  the  direct  coihbination  of  chlorine  and  obtainiDg. 
hydrogen  gases  is  not  an  eligible  process.    It  maybe  procured  much 

more  conveniently  by  the  action  of  sulphuric  acid  on  sea-salt. 

Let  the  tubulated  gas  bottle,  (Fig.  87,  a,)  be  about  one  fourth  or  one  thirds 
filled  with  well  dried  sea-salt,  in  lumps,  not  in  powder.  To  this  adapt  the  acid 
holder,  -6,  filled  with  concentrated  sulpharic  acid;  and  let  the  aperture  of 
the  bent  pipe  c,  terminate  under  a  jar  filled  with,  and  inverted  in  quicksilver. 
Open  the  communication  between  the  acid  and  the  salt,  by  turning  the  cook,  d', 
and  immediately  on  the  contact  of  these  two  bodies,  an  immense  quantity  of  hy> 
drochloiie  acid  gas  will  be  disengaged.  A  common  or  tubulated  gas-bottle,  or 
tubulated  retort  will  answer  sufi^iuntly  well  fur  procuring  the  gas.  I'he  first 
portions  that  come  over,  may  be  allowed  to  escape  imder  ti  chimuAy ;  because 
they  are  contaminated  by  the  admixture  of  ccunmen  air  present  in  the  bottle. 
The  subsequent  portions  may  be  preserved  for  use. 

'629.  This  gas  was  first  obtained  pure  by  Priestley,  but  its  compo-  ipi^^f. 
aition  was  discovered  by  Scheele,  and  has  since  been  most  ably  in- 
vestigated by  Davy.    Sea-salt  was  formerly  supposed  to  be  a  com- 
pound of  hydrochloric  acid  and  soda ;  and*  on  this  supposition,  the 

I  ■       ■       I  ■  ■   .1^.  ^.     ... ■ .,  ,.  ■     ■  ■        — 

*  It  had  been  supposed  that  the  direct  beams  of  the  sun  were  necessary  to  explode  cavtieB. 
a  mixture  of  chlorine  and  hydrogen  i^se^.;  but  SiUiman  has  related  the  accidental  ex* 
plosion  of  'a  mixture  of  the  ffases.  in  the  quantify  that  filled  a  Florence  oil  flask,  not 
only  when  no  direct  solar  light  fell  upon  it,  hut  when  the  diffuse  light  of  dav  was  ren- 
deied  more  feeble  than  common  by  a  thic)^  snow-storm*  This  fact  fornisoes  a  can- 
tioB  against  mixing  the  two  gases  in  considerable  qnantities. 

t  Brands,  Phil,  Tran$.  tSSO. 

*  9—  jfSMr,  J0nr.  ^  Sd.  ill.  949. 

94 


186  Chlorine  and  Bydrogen. 

Chap,  m.  soda  was  believed  merely  to  quit  the  hydrochloric  and  unite  with 
sulphuric  acid.  But  the  researches  of  Gray-Lussac,  Thenard,  and 
Davy  proved  that  it  consists  of  chlorine  and  sodium  combined  in  the 
ratio  of  their  equivalents.  The  nature  of  its  action  with  sulphuric 
acid  will  be  understood  by  comparing  the  elements  concerned  in  the 
change  before  and  after  it  has  occurred  :•— 

Hydrous  Sulp.  Aeld.       Chlorida  of  Sodium.  Sulp.  ofSods.  Hydrochloric  Acid. 


Real  acid         40,1        Chlor.      35.45 


Acid  40.1      Chlor.       35.43 


Water  i  ^^'  |  Sodium    23,3       Soda  i  ^     ^^      Hyd.  1 

Or  in  symbols, 
(S+30)+(H+0),  and  Na-f^l,  yield  (Na+0)+(S4-30),  and  H+CI. 

Thus  it  appears  that  single  equivalents  of  water,  sulphuric  acid, 
and  chloride  of  sodium,  yield  sulphate  of  soda  and  hydrochloric  acid. 
The  water  of  the  sulphuric  acid  is  essential ;  so  much  so,  indeed, 
that  chloride  of  sodium  is  not  decomposed  at  all  by  anhydrous  sul- 
phuric acid. 
Propeititt.  ^^*  ^^  ^^^  ^  ^^  pungent  smell ;  and  is  sufficiently  caustic  to 
blister  the  skin,  when  applied  to  it  for  some  time.  When  brought 
into  contact  with  common  air,  it  occasions  a  white  cloud,  owing  to 
its  union  with  the  aqueous  vapour,  which  is  always  present  in  the 
atmosphere.  It  is  heavier  Chan  common  air. 
Eztin-  631.  It  extinguishes  a  lighted  candle.     Before  the  flame  goes  out, 

ffuishea      the  upper  part  of  it  assumes  a  greenish  hue.    .A  white  vapour  also 
"'        surrounds  the  extinguished  wick,  owing  to  the  combination  of  water, 
produced  by  the  combustion  of  the  candle,  with  the  acid  gas. 
Abaorbed        632.  Hydrochloric  acid  gas  is  greedily  absorbed  by  water,  which 
by  water,    ^t  40''  F-  Davy  found  to  take  up  about  480  times  its  bulk,  forming  a 
solution  of  specific  gravity  1,2109.* 

g^  Fill  a  narrow  jar,  or  tube  cloeed  at  one  end,  with  the  acid  gas,  over  mercurv, 

and  through  the  latter  pass  up  a  few  drops  of  water;  the  gas  will  be  rapidly  ab- 
porbed,  and  the  mercQ^  will  rise  in  the  vessel. 

The  acid  property  of  the  solution  may  be  shown  as  follows : — 

Exp,  Take  a  long  tube  filled  with  the  ^  aC  the  mercurial  trough,  close  it  with  the 

thumb  or  finger,  transfer  it  to  a  basin  of  water  coloured  blue  by  an  infusion  of 
cabbage,  and  remove  the  finger  under  the  suiftce  of  the  water ;  the  gas  is  imme- 
diately condensed,  the  coloured  water  is  forced  up  the  tube  by  atmospheric  pres- 
sure, and  reddened  at  the  same  time  by  the  acid  gas. 

Hyp  Into  a  similar  vessel  filled  with  the  gas  introduce  a  piece  of  ice ;  it  will  be  li- 

^'  quefied,  almost  as  i«|>idly  as  if  Couched  witii  a  led-hot  iron,  and  the  gas  will  be 

absorbed. 

The  quantity  of  real  acid  contained  in  solutions  of  different  densi- 
ties may  be  determined  by  ascertaining  the  quantity  of  pure  marble 
dissolved  by  a  g^ven  weight  of  each.  Every  50.6  grains  of  marble 
correspond  to  2^42  of  real  acid. 
Analysis.  633.  When  a  mixture  of  oxygen  and  hydrochloric  acid  gases  is 
either  electrified  or  transmitted  through  a  red-hot  porcelain  tube,  the 
oxygen  unites  with  the  hydrogen  of  the  acid,  and  the  chlorine  of 
the  latter  is  set  at  liberty.  A  similar  mixture  Henry  found  to  be 
also  decomposed  by  being  exposed,  at  a  temperature  of  250^  F.  to 

*  ElemerUSf  p.  262.    For  table  of  specific  gravity  of  acid  of  diflereot  strengths,  see 
Appendix. 
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contact  with  the  platinum  sponge.    Water  is  formed  and  the  dieep-    »eci.  x. 

gaged  chlorine  acts  on  the  mercury  used  to  confine  the  gas;^ 
[.1.268. 

634.  It  is  in  the  state  of  watery  combination  that  hydrochloric  acid  Liquid  hy- 
is  kept  for  chemical  purposes,  and  all  the  processes  for  preparing  the  drochbnc 
liquid  acid  have  for  their  object  the  disengagement  of  the  acid  gas,  ^^^j^^ 
and  its  absorption  by  water, 

For  saturating  water  with  this  gas  we  commonly  employ  Woulfe's 
apparatus.!  « 

The  retort  being  iiimished  with  the  bent  tube,  a.  Fig.  161,  and  placed  in  atand 
bath,  the  junctures  should  be  carefully  luted,  and  the  acid  should  be  added  to  the 
salt  in  the  retort  at  intervals.  The  water  employed  may  amount  to  half  the 
weight  of  the  salt,  and  may  be  equally  distributed  between  the  bottles.    These  it 

♦  Pka.  Trans.  1824. 

t  In  several  instances,  the  substance  raised  by  distillation  is  partly  a  condensable  h*-  ^ouiA'a 

?aid,  and  partly  a  gas,  which  is  not  condensed,  till  it  is  brought  into  contact  with  water,  ratns. 
^o  eflfect  this  aouble  purpose,  a  series  of  receivers,  termed  W(m(fe*t  apparatust  is 
employed.    The  first  receiver  (a,  pig.  161)  has  a  right-angled  glass  tube,  open  at  both 


ends,  fixed  into  its  tubulure ;  and  the  other  extremity  of  the  tnbe  is  made  to  termioata 
beneath  the  surface  of  distilled  water,  contained,  as  ni^h  as  the  horizontal  dotted  line, 
in  the  three-necked  bottle  e.  From  another.neck  of  this  bottle,  a  second  pipe  proceeds, 
which  ends,  like  the  first,  under  water,  oootained  in  a  second  bottle  d.  To  the  central 
neck,  a  straight  tube  open  at  both  ends,  is  fixed,  so  that  iu  lower  end  may  be  a  little 
beneath  the  surface  of  the  liquid.  Of  these  bottles  any  number  may  be  employed  tlut 
is  thought  necessary. 

The  materials  being  introduced  into  the  retort,  the  arrangement  completed,  and  the 
joints  secured,  the  distillation  is  begun.  The  condensable  vapour  collects  in  a  liquid 
form  in  the  balloon  6,  while  the  evolved  gas  pssses  through  the  bent  pipe,  beneath  the 
surface  of  the  water  in  c,  which  continues  to  absorb  it  till  saturated.  When  the  water 
of  the  first  bottle  can  absorb  no  more,  the  gas  passes,  uncondcnsed,  through  the  second 
right-angled  tube,  into  the  water  of  the  second  bottle,  which,  in  its  turn,  ^comes  satU' 
rated.  Any  gas  that  maybe  produced,  which  is  not  absorbable  by  water,  escapes 
through  the  Mnt  tube  e,  and  may  be  collected,  if  necessary. 

Supposing  the  bottles  to  be  destitute  of  the  middle  necks,  and,  consequently,  without 
the  perpendicular  tubes,  the  process  would  be  liable  to  be  interrupted  by  an  accident: 
for  if,  inconsequence  of  a  diminished  temperature,  an  absorption  or  condensation -of 
gas  should  take  place  in  the  retort,  and,  of  course,  in  the  balloon  6,  it  most  necessarily 
ensue  that  the  water  of  the  bottles  c  and  tZ  would  be  forced,  by  the  pressure  of  the  at- 
mosphere into  the  balloon,  and  possibly  into  the  retort ;  bat  with  tne  addition  of  the 
central  tubes,  a  sufficient  quantity  of  air  rushes  through  them  to  supply  any  accidental 
vscuum.  This  inconvemence,  however,  is  still  more  conveniently  obviated  by  Wel- 
ther's  tube  of  safety,  e,  which  supersedes  the  expediency  of  three-necked  bottles.  The 
apparatus  being  anjosted,  as  shown  by  the  fisfure,  a  smaU  quantity  of  water  is  poured 
nto  the  funnel,  so  as  to  about  half  fill  the  ball  tL  When  any  absorption  happens,  the 
fluid  rises  in  the  ball,  till  none  remains  in  the  tube,  when  a  quantity  of  air  immediately 
rushes  in.  On  the  other  band,  no  gas  can  escape,  because  any  pressure  from  within  is 
instantly  followed  by  the  formation  of  a  high  column  of  liquid  in  the  perpendicular 
part,  which  resists  the  eness  of  gas.— A  convenient  apparatus  for  this  and  similar 
purposes  is  described  in  firewater's  Ediru  Jour,  viii>  p.  8. 
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Chap.  m.  tt  better  to  ninoand  with  cold  water,  or,  etill  preferablj,  with  ice  or  snow ;  bc- 
^-'—^—  caiiae  the  condenaation  of  the  gas  evoWes  considerable  heat,  which  prevents  the 
water  from  attaining  its  full  impregnation.  When  the  whole  of  t/ie  sulphuric 
acid  has  been  added,  and  the  gas  no  longer  issues,  let  a  fire  be  lighted  in  the  liir- 
nace  beneath  the  sand  bath,  removing  the  bent  tube  a,  and  substituting  a  well 
ground  glass  stopper.  This  will  renew  the  production  of  gas ;  and  the  tempera* 
tare  must  be  preserved,  as  long  as  gas  continues  to  be  evolved.  At  this  penod  it 
is  necessary  to  keep  the  luting  which  connects  the  retort  and  receiver,  perfectly 
cool.*  Towards  the  close  of  the  process,  a  dark  coloured  liquid  is  condensed  in 
the  first  receiver,  consisting  of  a  mixture  of  sulphuric  and  hydrochloric  acids. 
When  nothing  more  comes  over,  the  operation  may  be  suspended,  and  the  liquid 
in  the  two  receivers  must,  be  preserveo  in  bottles  with  ground  steppers.  It  con- 
sbts  of  liquid  hydrochloric  acid.    H.  ^l^- 

63fi.  When  hydrochloric  acid  is  thus  dissolved  in  water,  it  forms 
the  liquid  muriatic  acidt  or  spirit  of  salt.  When  pure  it  is  perfectly 
Impurities,  colourless,  but  it  is  generally  impure.  Its  usual  impurities  are  nitric 
acid,  sulphuric  acid,  and  oxide  of  iron.  The  presence  of  nitric  acid 
may  be  inferred  if  the  hydrochloric  acid  has  the  property  of  dissolv- 
ing gold*leaf.  Iron  may  be  detected  by  ferrocyanuret  of  potassium, 
and  sulphuric  acid  by  chloride  of  barium,  the  suspected  hydrochloric 
acid  being  previously  diluted  with  three  or  four  parts  of  water.  The 
presence  of  nitric  acid  is  provided  against  by  igniting  the  sea-salt, 
in  order  to  decompose  any  nitre  which  it  may  contain.  The  other 
impurities  may  be  avoided  by  employing  Woulfe's  apparatus. 

636.  Liquid-  hydrochloric  acid  emits  white  sufibcating  fumes,  con- 
sisting of  hydrochloric  acid  gas,  which  become  visible  by  contact  with 
the  moisture  of  the  air  (630).     When  heated  in  a  retort,  the  gas  is 
p^     .      disengaged,  and  may  be  collected.     It  is  not  decomposed  by  the 
of  tEe         contact  of  charcoal,  or  other  combustible  bodies.    When  diluted  with 
liquid  acid,  water,  an  elevation   of  temperature  is  produced,  less  remarkable, 
however,  than  that  occasioned  by  diluting  sulphuric  acid  (66) ;  and 
when  the  mixture  has  cooled  to  its  former  temperature,  a  diminution 
of  volume  is  found  to  have  ensued. 
Conbioes       ^7.  Hydrochloric  acid  combines  readily  with  alkalies,  and  with 
withalka*   most  of  the  oxides  both  in  their  pure  and  carbonated  state.t    H.  i.  878. 
^'  A  mixture  of  nitric  and  hydrochloric  acids,  in  the  ratio  of  one 

Aqnaregia.  measure  of  the  former  to  two  of  the  latter,  has  long  been  known 
under  the  name  of  aqua  regia,  as  a  solvent  for  gold  and  platinum. 
When  these  acids  are  mixed  together,  the  solution  instantly  becomes 
yellow  ;  and  on  heating  the  mixture,  pure  chlorine  is  evolved,  and 
the  colour  of  the  solution  deepens.  On  continuing  the  heat,  chlorine 
and  nitrous  acid  vapors  are  disengaged.  At  length  the  evolution  of 
chlorine  ceases,  and  the  residual  liquid  is  found  to  be  a  solution  of 
hydrochloric  and  nitrous  acids,  which  is  incapable  of  dissolving 
gold.  The  explanation  of  these  facts  is,  that  nitric  and  hydrochloric 
acids  decompose  one  another,  giving  rise  to  the  production  of  water 
and  nitrous  acid,  and  the  separation  of  chlorine;  while  hydrochloric 
and  nitrous  acids  may  be  heated  together  without  mutual  decompo- 

*  The  clay  aod  saod  lute  im  the  best  for  this  juncture. 

t  For  a  full  account  of  the  opinions  which  have  been  maintained  concerning  the 
nature  of  chlorine  and  hydrochloric  acid,  the  reader  is  referred  to  the  conimversy  he- 
tween  Murray  and  J.  Da?y,  in  the  34ih  toI.  of  Nichoison^s  Jour. ;  to  Da?y's  pafMr  in 
the  PhU.  Trana.  for  1818,  p.  169 ;  to  the  f  th  vol.  of  Trans.  Roy.  Soe.  Edin. ;  the  Arm. 
qfPhUoa.  zii.  379  and  ziii.  86, 885 ;  and  to  a  paper  by  Philhps,  in  the  new  series  of 
that  work,  vol.  L  p.  87,  on  the  action  of  chloricles  on  water. 
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sition.    It  is  hence  inferred  that  the  power  of  nitro-hydrochloric  acid    Secux. 
in  dissolving  gold  is  o\ying  to  the  chlorine  which  is  liberated.^ 

638.  Hydrochloric  acid  is  distinguished  by  its  odour,  volatility,  Hydrochlo- 
and  strong  acid  properties.  With  nitrate  of  oxide  of  silver  it  yields  ricaciddis- 
the  same  precipitate  as  chlorine  ;  but  there  is  no  difiiculty  in  dis-  lingo"*'**!- 
tinguishing  between  them ;  for  the  bleaching  property  of  the  former 

is  a  sure  ground  of  distinction. 

639.  The  experiments  of  Davy,  and  6ay*Lussac  and  Thenard  Compon- 
concur  in  proving  that  hydrogen  and  chlorine  gases  unite  in  equal  tioo. 
volumes,  and  that  the  hydrochloric  acid,  which  is  the  sole  and  con- 
stant product,  occupies  the  same  space  as  the  gases  from  which  it 

is  formed.    From  these  facts  the  composition  of  hydrochloric  acid 
is  easily  inferred.     For,  as 

50  oubic  inches  of  chlorine  weigh  36.2994  grains. 

50  "  hydrogen  ,  ,  1.0683      ^ 

100  cubic  inches  of  hydrochloric  acid  gas  must  weigh        39^3677 

These  numbers  are  nearly  in  the  ratio  of  1  to  35.42,  being  that  of 
single  eq.  of  chlorine  and  hydrogen.  Hence  its  eq.  is  as  already 
stated. 

Compounds  of  Chlorine  and  Oxygen^ 

640.  The  leading  character  of  these  compounds  is  derived  from  Leading 
the  circumstance  that  chlorine  and  oxygen,  the  attraction  of  which  c""**^'* 
for  most  elementary  substances  is  so  energetic,  have  but  a  feeble 
affinity  for  each  other. 

They  cannot  be  made  to  combine  directly,  and  very  slight  causes 
effect  their  separation. 

Two  volumes  of  chlorine,  as  also  two  of  hydrogen  and  of  nitro- 
gen correspond  to  one  equivalent  or  atom.t 

HypoMorous  Acid. 

Composition. 

F\ynn.  Sp,  Gr,  Chlor,      Oxy.  Chetn.  Equio. 

CHO,  01,  or  CIO        3.0213        By  Wght.  36.42    =    S         43.42 

•'  Vol.       2=1 

641.  This   gas   was  discovered  in   1811  by  Davy  and  describ- Discovery, 
ed  under  the  name  of  EucMorine^t    Until  recently  it  has  been  con- 
sidered to  be  the  protoxide  of  chlorine. 

642.^  It  is  obtained  by  the  action  of  hydrochloric  acid  on  chlorate  Process. 

of  potassa. 

Twelve  parts  of  acid  diluted  with  an  equal  weight  of  watei  may  be  poured 
upon  five  parts  of  the  salt  (50  or  100  grains  will  b«)  sufficient);  a  very  gentle 
heat  is  to  oe  applied  by  a  small  spirit  Tamp,  and  the  gas  may  be  collected  over 
mercury. 

643.  This  gas  is  ^nerally,  if  not  always,  best  made  in  a  tube  retort,  formed 
from  a  piece  of  plain  glass  tube,  about  half  an  inch  in  diameter,  two  or  three 


♦  Davy  in  Quart.  Jour.  vol.  I. 

t  Berzelius  considers  the  atoms  of  all  elements  as  possessing  the  same  volume, 
and  regards  the  compounds  of  chlorine  and  oxygen  as  composed  of  two  equiv.  of 
chlorine  and  one,  four,  five  and  seven  of  oxygen. 

t  Phiht.  Traru, 
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Chap.  DI.    incboB  in  lencth,  acoording  to  circumftancet,  and  cloied  tt  one         ^  1<B* 
end.  (Fig.  162.)  The  mouth  should  be  fitted  with  a  good  perfbra-  ' 


ted  cork,  having  a  snaall  tube  fixed  into  it,  which,  after  proceed- 
ing about  an  inch  up  wards  from  the  cork,  is  to  turn  off  nearly 
at  right  ancles  for  aoout  three  inches,  and  then  return  to  its  first 
direction  ror  about  the  eighth  of  an  inch.    This  piece  of  tube 


is  the  neck  of  the  retort,  whilst  the  wide  short  piece  is  the 

bod;^ ;  the  latter  haying  received  its  charge,  the  cork  is  to  be     ^        ^^ 

put  in  and  made  tight  by  cement,  when  the  diatillation  may  be  proceeded  with, 
and  the  gas  evolved  and  collected.    F* 

Caatioo.  Great  care  should  be  taken  in  preparing  this  gas,  as  it  explodes 
Tiolently  when  exposed  to  a  moderate  heat,  though  nothing  is  mixed 
with  it ;  when  the  spirit  lamp  is  used,  it  should  be  held  immediately 
below  the  retort,  so  as  not  to  play  on  its  sides,  and  the  gas  should 
then  come  slowly  away,  producing  a  very  moderate  efiervescence.* 

644.  When  the  object  is  merely  to  notice  a  few         ^-  ^®- 
of  the  properties  of  the  gas,  it  may  be  obtained 
from  materials  placed  in  a  glass  tube,  15  or  16 
inches  in  length  and  about  an  inch  in  diameter,  sur- 
rounded by  water  and  heated,  as  in  the  Fig*  163. 

Theory.  646.  The  production  of  this  gas  is  explicable  by      /^S^ 

the  fact,  that  hydrochloric  and  chloric  acids  mutual-  / 
ly  decompose  each  other.  When  hydrochloric  acid  * 
and  chlorate  of  potassa  are  mixed  together,  more  or  less  of  the  po- 
tassa  is  separated  by  the  hydrochloric  acid  from  the  chloric  acid,  and 
the  latter  being  set  at  liberty,  reacts  on  free  hydrochloric  acid.  The 
result  depends  upon  the  relative  quantities  of  the  materials.  If  hy- 
drochloric acid  be  in  excess,  the  chloric  acid  undergoes  complete  de- 
composition. For  each  eq.  of  chloric  acid,  fi'f^  eq.  of  hydrochloric 
acid  are  decomposed :  the  five  eq.  of  oxygen  contained  in  the 
former,  unite  with  the  hydrogen  of  the  latter,  producing  five  eq. 
of  water ;  while  the  chlorine  of  both  acids  is  disengaged.  If,  on 
the  contrary,  chlorate  of  potassa  be  in  excess,  the  chloric  acid  is  de- 
prived of  part  of  its  oxygen  only ;  the  products  are  water  and  the 
euchlorine  of  Davy. 

646.  The  chloric  and  hydrochloric  acids  react  on  each  other  in 
the  ratio  of  one  eq.  to  two,  or,  what  is  the  same  thing,  in  that  of 
four  eq.  to  eight  eq. ;  thus 

4  (Cl+50)  .  , ,  8  (H  +0) 

and  8  (H  +Cl )  y®'**  12  (Cl+O) 

*  In  reference  to  the  distillation  of  this  gas,  and  of  all  other  ezplosiTe  substances, 
the  student  should  be  aware  of  the  caution  required  to  prevent  accidents,  in  case  explo- 
sion should  occur.  Whenever  such  an  effect  is  probable,  the  vessel  should  be  sur- 
rounded with  tow  or  cloth,  that  if  it  break,  the  fragments  may  be  retained ;  and  during 
distillation  the  side  of  the  apparatus,  or  that  part  which  is  ffuarded  by  the  tow,  is  to  be 
turned  towards  the  eyes,  that  they  at  least  may  be  out  o\  danger.  It  is  not  easy  to 
wrap  tow  regularly  and  tightly  round  a  clean  glass  tube,  from  its  tendency  to  slip  over 
the  surface  \  but  the  difficulty  is  easily  obviated,  b]r  rubbing  the  outside  of  the  tube 
with  soft  cement,  or  a  very  little  turpeotine  with  a  piece  of  tow  or  doth,  so  as  to  ren- 
der it  slightly  adhesive  to  the  fingers.    Faraday  n.  409. 

Silliman  prefers  placing  the  materials  for  proaudog  the  |^  in  a  small  glass  flask 
furnished  with  a  tube  bent  twice  at  right  angles,  and  passing  to  the  bottom  of  any 
clean  dry  phial,  flask,  or  tube,  rather  deep  with  a  narrow  neck,  a  gentle  heat,  applied 
Iteneath  the  flask,  soon  disengages  the  euchlorine  gas,  which,  by  its  great  weight,  dis- 
places the  common  air  from  the  recipient,  and  takes  its  place.  By  using  tongs,  pro- 
perly curved,  so  as  to  embrace  the  phials  or  tubes  filled  with  the  gas,  the  operator  may 
perform  all  the  necessary  experiments,  without  danger  of  causing  an  expleeion  by  the 
warmth  of  the  hand.    Amer*  Jour*  fi.  166. 
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The  gas  thus  obtained,  is  not  a  distinct  compound,  but  a  mixture    9t^^' 
of  chlorine  and  chlorous  acid.    T.  21  s. 

647.  The  process  for  obtaining  the  pure  acid,  is  to  pour  into  bot-  pncMs  for 
ties  filled  with  chlorine  gas,  peroxide  of  mercury  in  fine  powder,  and  the  pofe 
mixed  with  twice  Its  weight  of  distilled  water ;  by  brisk  agitation  *^  ' 
the  chlorine  is  rapidly  and  completely  absorbed,  if  a  slight  excess  of 
the  peroxide  be  used.     By  this  process  one  portion  of  the  peroxide 
of  mercury,  HgO'i  is  decomposed,  both  its  constituents  combining 
with  chlorine ;  the  mercury  forming  corrosive  sublimate  HgCl',  and 
the  oxygen  hypochlorous  acid.    The  latter  remains  in  solution  in 
the  water ;  while  the  former,  by  combin||tg  with  undecomposed  per« 
oxide  of  mercury,  foi'ms  the  sparingly  soluble  oxychloride  of  mer- 
cury, which  is  separated  by  filtration^    The  hypochlorous  acid  being 
Tolatile,  is  obtained  pure  by  distillation ;  the  temperature  being  kept 
below  212^  as  the  acid  decomposes  at  that  heat.     The  process  is 
best  performed  under  reduced  pressure. 

64S,  As  thus  obtained,  hypochlorous  acid  is  a  transparent  liquid  Propertiet. 
of  a  slightly  yellow  colour ;   when  concentrated,  with  a  strong  pene- 
trating odour,  similar  to  that  of  chlorine.  It  acts  powerfully  upon  the 
^in,  and  bleaches. 

It  is  easily  decomposed,  chlorine  being  evolved  and  chloric  acid 
produced ;  a  change  efifected  by  light  and  instantly  by  the  direct 
rays  of  the  sun.  It  is  also  decomposed  by  angular  bodies,  as  by 
pounded  glass. 

649.  It  is  one  of  the  most  powerful  oxidizing  agents  ;  its  action.  Oxidizes, 
howevery  is  various  and  is  principally  observed  in  relation  to  the  sim- 
ple non-metallic  elements.    Its  action  on  the  more  perfect  metals  is 
slight,  with  the  exception  of  iron  and  silver,  which  in  a  state  of  mi- 
nute division  instantly  decompose  it. 

650.  Hypochlorous  acid  has  also  been  obtained  in  the  gaseous  Another 
form,  by  introducing  a  small  quantity  of  its  concentrated  solution  process, 
into  a  bell  glass  over  mercury  and  adding  fragments  of  dry  nitrate 

of  lime.  The  latter  unites  with  the  water  and  the  acid  gas  escapes. 
The  gas  is  of  a  yellowish  green  colour  ?  it  unites  rapidly  with  water 
which  absorbs  at  least  100  times  its  volume. 

651.  It  detonates  by  a  slight  increase  of  temperature,  and  oxygen  specific 
and  chlorine  are  the  results  ;  100  measures  produce  100  of  chlorine  8™^^y»**' 
and  50  of  oxygen.'*^    From  these  data  its  sp.  gr.  is  3.0212 ;  its  eq. 

43.42 ;  eq.  vol.  =  100 ;  symb.  Cl+0,  CI,  or  CIO.    (T.) 


Chlorous  Acid, 

Symb, 

•    • 

Sp,  Gr, 

CompositioD. 
Chi,                    Oxy, 

Equiv, 

Equia,  Vol. 

Cl-NO,  CI  or  CIO* 

23374 

Bf  Wght.  85.42        32 
"    Vol.     2                4 

67.42 

=    200 

652.  This  compound  was  discovered  by  Davy  in  1815,  and  soon 
after  by  Count  Stadion  of  Vienna.  It  has  heretofore  been  described 
as  the  peroxide  of  chlorine^  but  having  been  found  to  possess  acid 
properties,  and  to  form  definite  compounds  with  alkaline  bases,  it 

*  BalsTd  Ann,  de  OUm.  et  de  Phy§.  Ini.  22s. 


1^  CUorine  and  (hygen, 

Ch>p»  in>  must  now  be  called  chlorous  acid.     It  is  formed  by  the  action  of  sul- 
phuric acid  on  the  chlorate  of  potassa. 

Method  of  '^^  procure  it,  50  or  60  grains  of  the  powdered  chlorate  of  potassa,  are  to 
obtaioiogi  ^  mixed  with  a  small  quantity  of  concentrated  sulphuric  acid.  When  thor** 
oughly  incorporated,  a  solid  mass  will  result,  of  a  bright  orange  colour.  This  is 
to  be  mtroduced  into  a  very  small  retort  of  glass,  or  a  bent  tube,  which  is  to  be 
exposed  to  the  heat  of  water  gradually  warmed,  but  prevented  from  attaining 
the  boiling  point,  by  an  admixture  of  spirit  of  wine. 

Theory.         6^'  In  ^l^is  process  the  sulphuric  acid  decomposes  some  of  the 

chlorate  of  potassa,  and   sets  chloric   acid  at  liberty.     The  chloric 

acid  at  the  moment  of  separation,  resolves  itself  into  chlorous  acid  and 

oxygen  ;  the  last  of  which,  instead  of  escaping  as  free  oxygen  gas, 

goes  oyer  to  the  acid  of  some  andecomposed  chlorate  of  potassa,  and 

converts  it  into  perchloric  acid.     The  products  are  bisulphate  and 

perchlorate  of  potassa,  and  chlorous  acid.     It  is  probable  that  every 

three  eq.  of  chloric  acid  yield  one  eq.  of  perchloric  and  two  eq.  of 

chlorous  acid.    T. 

Salts  of»         654.  This  acid  readily  unites  with  the  alkalies  and  alkaline  earths, 

and  the  union  is  efiected  by  transmitting  the  gas  into  the  alkaline 

solutions.     The  salts  are  soluble  in  water  and  bleach. 

Deeompo-       655.  It  is  decomposed,  at  common  temperatures,  by  phosphorus^ 

"^  ^7        which  occasions  an  explosion  when  introduced  into  it.     It  explodes 

and^LaT*'  violently  at  212°,  and  great  care  is  necessary  in  operating  with  it. 

Chloric  Acid. 

Composition. 
Pbrm.  Chlor,  Oxy.         £!quiv, 

Cl+60,  CI,  or  CiOB  By  Wght.  85.42  40  76.4t 

"  Vol.       8  f 

656.  When  a  current  of  chlorine  gas  is  passed  into  a  strong  solu- 
tion of  pure  potassa,  part  of  the  alkali  is  decomposed  and  chloride  of 

Process,  potassium  and  hypochlorite  of  potassa  are  generated.  On  bringing 
the  solution  to  the  boiling  point,  the  latter  salt  is  decomposed.  The 
changes  are  complicated  ;  from  experiments^  nine  eq.  of  hypochlo' 
rite  of  potassa  produce  one  eq.  of  chlorate  of  potassa,  eight  eq.  of 
chloride  of  potassium,  and  twelve  eq.  of  oxygen :  or  thus 

9  (KO+CIO)    yield    (KO+CIO*),  8KC1    and    120 

657.  When  weak  sulphuric  acid  is  added  <o  a  dilute  solution  of 
chlorate  of  baryta,  exactly  sufficient  for  combining  with  the  baryta, 
sulphate  of  baryta  subsides,  and  pure  chloric  acid  remains  in  the 
liquid. 

658.  This  acid  was  £rst  obtained  by  Gay-Lussac.    It  reddens 
Properties,  vegetable  blue  colours,  has  a  sour  taste,  and  forms  neutral  salts,  cal- 
led chlorates  (formerly  kyperoxymttriates.)   It  has  no  bleaching  prop- 
erties, nor  does  it  afibrd  a  precipitate  with  solution  of  nitrate  of  oxide 
of  silver. 

659.  Chloric  acid  is  easily  decomposed  by  oxidizing  agents;  and 
£eomnpos-  it  is  easily  known  by  forming  a  salt  with  potassa,  which  crystallizes 

*  Of  Morio;  Soubciroin,  and  Balard. 
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iti  tables  and  has  a  pearly  lastre,  deflagrates  on  burning  coab,  and   ^b»kux. 
yields  chlorous  acid  by  the  action  of  concentrated  sulphuric  acid. 

Perchloric  Acid. 

Composition. 
Parm.  Chi.  Oxy,  Eqith. 

Cl+rO,  cior  C107  ByWght.  36.a       •      M  91.4S 

"    Vol.     2  7 

660.  The  saline  matter  which  remains  in  the  retort  after  forming 
chlorous  acid,  is  a  mixture  of  perchlorate  and  bisnlphate  of  potassa, 
and  by  washing  it  with  cold  water,  the  bisulphate  is  dissolved  and 
the  perchlorate  is  left.  This  acid  may  be  prepared  from  the  salt  by 
mixing  it  in  a  retort  with  half  its  weight  of  sulphuric  sicid,  diluted 
with  one  third  water,  and  applying  heat  to  the  mixture.  At  the 
temperature  of  about  284^  F.  white  vapours  rise,  which  condense  as 
a  colourless  liquid  in  the  receiver.  This  is  a  scdntion  of  perchloric 
acid. 

Stadion,  its  discoverer,  found  it  to  be  a  compound  of  1  eq.  chlo-  Compoai- 
rine  -^  7  eq.  oxygen,  and  his  analysis  has  been  confirmed  by  Gay-  ^^' 
Lussac  and  others. 

661.  When  concentrated  it  has  a  density  of  1.65  in  which  state  it  proptrtiet. 
emits  vapour  on  exposure  to  the  air,  absorbs  moisture,  and  boils  at 

392^.  It  hisses  when  thrown  into  water  like  a  red-hot  iron  when 
quenched. 

662.  It  forms  a  salt  with  potassa,  requiring  65  times  its  weight 
of  water  at  60^  for  solution.  The  perchlorate  of  potassa  is  dis- 
tinguished from  the  chlorate  by  not  acquiring  a  yellow  tint  on  the 
addition  of  hydrochloric  acid. 

Quadrochloride  of  Nitrogen — Chloride  of  Nitrogen^ 

S^,  Gr.  1.653. 

663.  Quadrochloride  of  nitrogen,  discovered  in  1811  by  Dulong,'*^  PropertiM. 
is  one  of  the  most  explosive  compounds  yet  known,  having  been  the 

cause  of  serious  accidents  both  to  its  discoverer  and  to  Davy.t  It 
does  not  congeal  in  the  intense  cold  produced  by  a  mixture  of  snow 
and  salt.  It  may  be  distilled  at  160° ;  but  at  a  temperature  between 
200  and  212*  it  explodes.  Its  mere  contact  with  some  substances  of 
a  combustible  nature  causes  detonation  even  at  common  temperatures. 
This  result  ensues  particularly  with  oils,  both  volatile  and  fixed. 
The  products  of  the  explosion  are  chlorine  and  nitrogen.^ 

664.  It  it  prepared  bj  invertinc  a  jar  or  wide-oooutbed  bottle,  (capable  of  con-  prgceti. 
taininx  about  12  or  14  ounces)  full  of  chlorine,  over  a  dilate  aolution  of  the  hy- 
drocfalorate  of  ammonta,  (sal  ammoniac)  made  by  dissolving  an  ounce  of  the  salt  m 

10  or  12  ounces  of  water ;  the  bottle  is  placed  on  a  very  strong  shallow  leaden 
€iip,  which  rests  on  a  deep  plate  oontaininc  the  solution  previously  heated  to  the 
temperatare  of  90^.  One  portion  of  the  chlorine  takes  the  hydrogen  of  the  ammo- 
nia,! forming  hydrochloric  acid,  and  the  other,  combining  with  the  nitrogen,  is 
converted  into  the  quadrochloride,  which  collects  in  the  form  of*  an  oil  on  the 
surface  of  the  liquid,  and  drops  through  it  into  the  leadon  cup :  an  additional 
quantity  of  the  solution  mast  be  ready  to  iUl  up  the  plat*  as  the  absorption  of  tJie 
chlorine  proceeds. 

665.  Great  care  must  be  taken  not  to  shake  the  bottle,  and  any  Caatioo. 

*  Arm.  de  Ch.  Izxzvi.  t  Phil,  TVant,  1813. 

I  Nicholson's  Jtmr.  xxziv.  f  Ammonia  consists  of  faydrogea  and  nilrogsn* 
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Ch^^m.  greasy  or  oily  matter  adhering  to  it  must  be  removed  by  washing  it 
with  a  dilate  solution  of  potassa  before  it  is  filled  with  chlorine* 
When  the  oil  has  fallen  into  the  leaden  cup,  the  bottle  is  carefully 
moved  from  the  cup  to  the  plate,  and  the  leaden  cup  taken  cautiously 
away. 

The  liquid  remaining  above  the  quadrocfiloride  in  the  cup  is  with-* 
drawn  by  dipping  small  pieces  of  filtering  paper  into  it.  The  oily 
looking  globules  may  be  conveniently  removed  by  drawing  Fig.  isi. 
them  into  a  small  and  perfectly  clean  gjass  syringe,  made 
of  a  glass  tube  drawn  to  a  pointed  orifice,  and  having  a  cop- 
per wire  with  a  piecd  of  clean  tow  wrapped  round  it  for  a 
piston,  (Fig.  164) ;  in  this  way  a  globule  may  be  drawn 
into  the  tube,  and  transferred  to  any  other  vessel. 
PneaatioDs  ^^'  ^^  making  these  experiments,  a  small  globule  of 
in  ezperi-  the  compound,  about  the  size  of  a  mustard-seed,  should  be 
™^^ff  cautiously  transferred  to  a  clean  porcelain  basin,  half  filled 
with  water.  The  basin  should  be  covered  with  a  wire  safe- 
guard. A  very  small  piece  of  phosphorus,  fixed  to  the  end 
of  a  long  rod  with  the  extremity  dipped  in  oil,  may  be  then 
brought  into  contact  with  the  globule,  which  instantly  explodes,  dis<* 
persing  the  water  add  breaking  the  basin.  The  same  compound  may 
be  obtained  by  suspending  a  fragment  of  sal  ammoniac  in  a  solution 
of  hypochlorous  acidi  T. 
Analvsis.  ^^*  Davy  analyzed  this  compound  by  means  of  mercury,  which 
unites  with  chlorine,  and  liberates  the  nitrogen.  He  inferred  from 
his  analysis  that  its  elements  are  united  in  the  proportion  of  four 
measures  of  chlorine  to  one  of  nitrogen;  and  it  hence  follows  that, 
by  weight,  it  consists  of  four  ectuivalents  of  chlorine^  and  one  equi* 
valent  of  nitrogen.  Its  odour  is  extremely  penetrating  and  almost 
insuppottable,  affecting  the  eyes  very  much  on  leaning  over  it  even 
for  a  second  or  two.    It  is  vei'y  volatile. 

PerMoride  of  CarhorL 

tC+adl,  or  C>Ct*.  1 18.S 

DisooTOrv.  ^^  '^^  discovery  of  this  compound  is  due  to  Fataday.  When 
olefiant  gas  (a  compound  of  c*arbon  and  hydrogen)  is  mixed  with 
chlorine,  combination  takes  place  between  them^  Hud  an  oiMike 
liquid  is  generated,  which  consists  of  chlorine^  carbon  and  hydrogen. 
On  exposing  this  liquid  in  a  vessel  full  of  chlorine  gas  to  the  direct 
solar  rays,  the  chlorine  acts  upon  and  decomposes  the  liquid,  hydro- 
chloric acid  is  set  free,  and  the  carbon.  Hi  the  moment  of  separation, 
unites  with  the  chlorine."!^ 

PwMWfftitt       ^^'  Ferchloride  of  carbon  is  solid  at  common  temperatures,  has  an 

^^^*  aromatic  odour  approaching  to  that  of  camphor,  is  a  non-conductor 

of  electricity,  and  refreicts  light  vety  powerfully.     Its  specific  gravity 

is  exactly  double  that  of  water.     It  fuses  at  dOXf,  and  after  fusion 

it  is  colourless  and  very  transparent.    It  boils  at  360^. 

Perchloride  of  carbon  burns  with  a  red  light  when  held  in  the 
flame  of  a  spirit-lamp,  giving  out  acid  vapours  and  smoke.t 

•  Phil.  TVoru.  1821. 

iPnioehhiidB  ^f  Caxhm.   SmA,  C+CI,  or  CCI.    £^.  41.54.    DiMovwed 
by  Famday  in  daoonpotiog  parcmoride  of  cwfaon.    It  is  liquid^  ooloarkM,  and  boils 
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970.  Chlorine  wat  long  regarded  aa  a  compound  of  muriatic  acid    9teL  x. 
and  ipxygen,  an  opinioq  ably  defended  by  Murray ;  the  phenomena  Natni*  of 
which  it  presents  are  all  explicable  qn  this  supposition,  though  the  cblorine. 
vieyjf  proposed  by  I^vy,  Gay-Lussac  and  Thenard,  of  its  elementary 
oati^re,  \s  considered  more  in  accordance  with  actual  experimeat, 
and  now  {generally  adopted.'*^ 


-rr- 


at  iro^*.    Its  deniity  is  1 .9626.    Does  not  c^ogeal  tt  0^  F.    Analogous  to  perchlorido 
of  carbpn  in  iu  <^9m^cal  relatioos* 

^  DiMride  qf  Carbon.  Symb.  2C+C1,  or  CH31.  Eg.  47.JS6.  ObUined  darinff  the  dis- 
tillation of  nitric  acid  from  crude  nitre  and  sulphate  of  iioo.  in  soft,  adhesire  fibres  efa 
white  colour  and  pecoUar  odpqr.  Eloils  between  350°,  and  460°,  snblUnes  at  260.  So- 
luble in  hot  oil  of  turpentine  or  alcohoU    Burns  with  a  red  flame. 

Diehloride  of  Sftdphwr.  Symb.  2&fCl,  or  S^l.  Diensity  1.687.  Discorered 
bv  Thomson.?^  Prepared  by  passing  chlorine  otot  flowers  of  snlphor.  Liquid,  vola- 
tile  below  2Q0°,  boils  at  280°.  £mits  acrid  fumes.  Consists  or  35.4)^  paru  or  I  eq. 
chlorine,  and  32.2  parts  or.  2  eq.  sulphur, t 

Perchforide  of  Photphona.  Symb.  2P4-6CI,  or  paCI^  Equiv.  208^.  There 
are  two  definite  compounds  of  chlorine  and  pbpsphorns.  the  nature  of  which  was  first 
satisfactorily  explained  by  Davy.t  When  phosphorus  is  introduced  into  a  jar  of  dry 
chlorine,  it  inflames,  and  on  the  inside  of  tne  Vessel  a  white  matter  collects,  which  is 
perthioride  cf  phosphorus.  It  is  ^ery  volatile,  a  temperature  much  below  212°  being 
sufficient  to  oonyert  it  into  yapour.  Undj^r  praaanre  it  may  be  fused,  and  it  yields 
transparent  prismatic  crystals  in  cooling. 


spblimate  contained  in  a  glass  tube.    It  is  a  clear  uquid 

like  water,  of  s|>ecifie  gravity  1.45 ;  emits  add  fumes  when  exposed  to  the  air,  owing 
to  the  deeoropositioQ  of  watery  vapour ;  but  when  pure  it  does  not  redden  dry  litraua 
paper.  It  appears  to  consist  of  31.4  pans  or  two  equivalents  of  phosphorus,  and 
106.26  parU  or  3  eq.  of  chlorine. 

Chloroearbonic  Add  Gom.  Symb.  CO+Cl,  or  C0,C1  BtnUv.  49.64.  This  com- 
pound was  discovered  in  I81|2by  Dr  Davyi  who  described  it  in  tne  Pktioa.  TVofi*.  under 
the  name  of  phoagene gas.  (From  tpmg  light,  and y$vvBiv  to  produce.)  It  is  made 
by  exposing  a  mixture  of  Mual  measures  of  dry  chlorine  and  carbonic  oxide  gases  to 
sunshine,  when  rapid  but  silent  combination  ensues,  and  they  contract  to  one  half  their 
voUme,  Difiuscd  day^light  also  eflects  their  union  slowly ;  out  they  do  not  combine  at 
all  when  the  mi^ure  is  wholly  excluded  from  light. 

Chloroearbonic  acid  gas  is  colourless,  has  a  strong  odour,  and  reddens  dry  litmus 
paper.  It  possesses  the  characteristic  property  of  adds.  It  is  decomposed  by  contact 
with  water.^  100  eubic  inches  weigh  106.7633  grains.  Its  speeific  gravity  is  3.4427, 
and  it  consists  of  35.42  parts  or  one  equivalent  of  chlorine,  and  14.12  parts  or  one 
equivalent  of  carbonic  oxide. 

TerMoride  of  Boron.  Symb  EfSCl,  or  BCb.  Equiv.  117.16  j  eq.voL  ss  200. 
Berzelius  found  that  if  boron,  previously  heated,  was  exposed  in  a  glass  tube  to  a  cur- 
rent of  dry  chlorine,  and  gently  heated  as  soon  as  the  atmosjiheric  air  was  expelled,  a 
colourless  nas  was  obtained,  which  could  be  collected  over  mercury.  It  may  also  he 
generated  by  the  action  of  dry  chlorine  on  a  miztnre  of  charcoal  and  ooracic  acid  heated 
to  redness  in  a  porcelain  tube.    It  is  absorbed  by  water.    Its  sp.  gr.  is  4.0806. 

Terehlorkte  qf  SUieon,  Symb  Si+3C(,  or  SiCl^  s  J^tr.  128.76,  is  obtained  by 
heating  silicon  m  a  current  of  chlorine  gas.  It  is  a  limpid,  volatile  fluid,  boiling  at 
124°  and  not  solid  at  zero.    Its  odour  is  sufibcating. 

Oersted  obtained  it  by  mixing  about  equal  parts  of  hydrated  silicic  add  and  starch 
into  a  paste  with  oil,  heating  the  mass  in  a  covered  crucible  so  as  to  char  the  starch, 
introducing  the  mixture  in  fra^ents  into  a  porcelain  tube,  and  then  transmitting 
through  it  a  current  of  dry  chlorine  while  the  tune  is  kept  at  a  red  heat.  The  chlorine 
unites  with 'Silicon,  and  the  charcoal  and  oxygen  combine.  The  volatile  chloride  is 
then  agitated  with  mercorr  to  separate  the  free  chlorine,  and  purified  by  distillation. 

C^hronUroua  Gat.  when  losed  chloride  of  sodium,  potassium,  ur  caldum. 
in  powder^  is  treated  with  as  much  strong  nitric  acid  as  is  sufficient  to  wet  it,  mutual 
decomposition  ensues,  and  a  new  gas,  composed  of  chlorine  snd  binoxide  of  nitrogen, 
is  eenerated.  It  was  discovered  by  B.  Davy,  who  describes  it  as  of  a  pale  reddish 
yellow  colour,  of  an  odour  similar  to  that  of  cmorine,  and  as  having  bleacntng  proper- 
ties. 

*For  an  account  of  the  changes  of  opinion  concerning  the  nature  of  chlorine,  see 
Tomer*  226. 
In  referring  to  chemical  works  published  before  the  present  views  were  entertained, 

•  NieMsoa's  Jamr.  voI.'tL  t  Boss— P«/.  Aim.  xxl.  431 .  t  EUmmKl$^  p.  290. 
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Sjftnb,  Sp.  Or.  Chem.Eqxtiv, 

I.  8.7030  Air  9 1  By  Vol.    100 

196.30    Hyd.rs  1  **  Wght.  186.8 

671.  Iodine  was  discovered  accidentally  by  Gourtois,  a  roanufac- 
cHo^m   ^^^®'  ^^  saltpetre  at  Paris,  in  1812.    In  the  process  for  procuring 
soda  from  the  ashes  of  sea-weeds,  be  found  that  his  metallic  vessels 
were  much  corroded,  and  in  searching  for  the  cause,  he  made  the 
discovery  of  iodine.     Its  real  nature  was  soon  after  determined  by 
Oay-Lussac  and  Davy,  each  of  whom  proved  that  it  is  a  simple  non- 
metallic  substance,  exceedingly  analogous  to  chlorine.* 
Ocoiin  in        672.  Iodine  is  frequently  met  with  in  nature  in  combination  with 
Mton.       potassium  or  sodium.     Under  this  form  it  occurs  in  many  salt  and 
other  mineral  springs,    both,  in   Europe   and  America.!      It  has 
been  detected  in  the  water  of  the  Mediterranean,  in  the  oyster  and 
some  other  marine  molluscous  animals,  in  sponges,  and  in  most 
kinds  of  sea«weed.     In  some  of  these  productions,  such  as  the  Fitcus 
terratus  and  FucttM  digitattis,  it  exists  ready  formed,  and  according 
to  Fyfet  may  be  separated  by  the  action  of  water;  but  in  others  it 
can  be  detected  only  after  incineration.    Marine  animals  and  plants 
doubtless  derive  from  the  sea  the  iodine  which  they  contain.    Yau- 
quelin  found  it  also  in  the  mineral  kingdom,  in  combination  with 
silver.^ 
^oMMfor      573,  Iodine  is  procured  from  the  impure  carbonate  of  soda,  called 
iodisM^    kelp,ll  which  is  prepared  in  large  quantity  on  the  northern  shores  of 
Scotland,  by  incinerating  sea- weeds.   The  kelp  is  employed  by  soap- 
makers,  for  the  preparation  of  carbonate  of  soda ;  and  the  dark  resi- 
dual liauor,  remaining  after  that  salt  has  crystallized,  contains  a  con- 
siderable quantity  of  iodine,  combined  with  sodium  or  potassium. 
By  adding  a  sufficient  quantity  of  sulphuric  acid,  hydriodic  acid  is 
first  generated,  and  then  decomposed. 

the  following  memoranda  will  enable  the  student  to  tranalate  the  langoafe  fonnerly 
employed  into  the  present  nomenclature. 


Jiceordmg  totisM  ilgcb  im. 

1.  Chlorine  is  a  oomponnd  of  muriatic 
acid  28  +  Ozvgen  8  s  36.* 

2.  Muriatic  add  gas  eonsisu  of  28  real 
acid  +  9  water  s  87. 

3.  Muriatic  acid  gas,  acting  on  oxides. 
gtTes  out  iu  combined  water^  the  real 
acid  28  combining  with  the  oade. 


MOO0rdkfif  to  Doiojf% 

1.  Chlorine  is  an  element. 

2.  Muriatic  add  gas  is  the  real  add,  and 
oootains  no  water,  consisting  of  chlo- 
rine 36  +  hydrogen  1  s  37. 

3.  Muriatic  acid  gas  acting  on  oxides  is 
decompoeed,  its  hydrogen  uniting  with 
the  oxygen  of  the  oxide,  and  prodndng 
the  water  which  is  detached,  while  a 
compound  of  chlorine  and  the  metal  is 
left.    BmA*%  Test  Book. 

*  The  original  papers  on  this  subject  are  in  the  Ann.  de  Chim.  vols.  Ixxxriii,  xc.  and 
xd.,  and  in  the  PkOot.  Tram,  for  1814  and  1816. 

t  On  iodine  in  the  waters  of  Saratoga,  see  Amer.  Jour.  xri.  242. 

t  Edau  Philot.  Jour.  1.264.  % An.de  Ch.€ttU Pk.  xbx. 

11  For  a  method  of  determining  the  proportions  of  indine  in  kelp,  &c.  see  Jour,  dt 
Chan.  Med.  Aug.  1838,  and  Lond.  and  Edin.  PhU  Mag.  xiii.  466. 

*  The  aamberi  fflTen  by  Reid  are  rtttsiatd}  but  can  readily  be  made  to  comspond  whh  the 
mme  coma  aumbeia  of  Turner.  «. 
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Liiiviate*  powdered  kelp  with  cold  water.    Eva-  Fif.  itt.  s^et.  XI, 

porate  the  ludiium  till  a  pellicle  fi>rms,  and  set    j/j^\.  JT ~T 

aaide  to  cryatallize.    Evaporete  the  mother  liquor  Z-5-.-JKsw  Uluilratea, 

to  dnmev,  and  poor  upon  the  maaa  half  ita  weight        ^ 

of  Bolpharic  acid.    Apply  a  gpntle  heat  to  this  mi:» 

ture  in  the  flask  a  of  the  aUmbic  shown  in  Fif;.  165, 

of  which  the  head  or  capital  6,  has  a  tube  issuing 

from  it,  and  descending  into  the  receiyer  e.    Fumes 

of  a  violet  colour  arise  and  condense  in  the  form  of 

opaque  cnrstals,  having  a  metallic  lustre,  which  are 

to  be  washed  out  of  the  head  of  the  alembic  with  a  small  quantity  of  water,  and 

quickly  dried  upon  bibulous  paper. 

674.  A  more  convenient  jiroceas  is  to  employ  a  moderate  ezcoM  of  sulphuric  Another, 
add,  and  then  add  to  the  multure  some  perozioe  of  manganese,  which  acts  on 
hydriodio  in  the  same  wi^  as  on  hydrochloric  acid  (60B).    Aiiother  method, 
proposed^by  Soobeirain,  is  dt  adding  to  the  ley  from  kelp  a  solution  made  with 

the  sulphates  of  protoxides  of  copper  and  iron  in  the  ratio  of  1  of  the  former  to  2^ 
of  the  latter,  as  long  as  a  white  precipitate  appears.  The  diniodide  of  copper  b 
thus  thrown  down ;  and  it  may  oe  decomposed  either  by  peroxide  of  manganese 
alone,  or  by  manganese  and  sulphuric  acia.  B]^  means  or  the  former,  the  iodine 
passes  over  quite  dir ;  but  a  strong  heat  is  requisite. 

675.  As  the  liquid  directed  to  be  used  (673)  may  not  be  easily  procured,  the  me- 
thod of  preparing  iodine  may  be  shown,  by  mixing  a  little  pure  nydriodio  acid  with 
the  peroxide  of  manganese  m  a  small  tube  or  glass  retort. 

676.  Iodine  is  a  solid  at  the  ordini^ry  temperatare  of  the  atmos-  Properties, 
phere.     It  is  often  in  scales  resembling  those  of  micaceous  iron  ore ; 
sometimes  in  large  and  brilliant  rhoroboidal  plates,  the  primitiye 

form  of  which  is  a  rhombic  octohedron.  Its  colour  is  bluish  black ; 
its  lustre  metallic ;  it  is  soft  and  friable,  and  a  non-conductor  of  elec* 
tricity.  It  produces  a  yellow  stain  upon  the  skin.  Its  smell  resem- 
bles that  of  diluted  chlorine!  Its  taste  is  acrid.  Its  sp.  gr.  according 
to  6ay-Lussao  is  4.948,  but  Thomson  found  it  only  3.0844. 

Iodine  is  fusible  at  22S^  F.  and,  under  the  ordinary  pressure 
of  the  atmosphere,  is  volatilized  at  a  temperature  somewhere  near 
360^ 

677.  Its  vapour  is  very  dense,  its  sp.  gr.  being,  by  calculation  as  al-  Vapour  of. 
ready  given,  or,  as  directly  observed  by  Dumas,  &.716 ;  hence  100 
cubical  inches  weigh  269.8638  grains. 

The  volatilization  of  iodine  at  the  heat  of  boiling  water,  which  hap- 
pens when  it  is  distilled  with  that  fluid,  depends  on  its  affinity  for 
aqueous  vapour. 

The  colour  of  the  vapour  of  iodine  is  a  beautiful  violet,  and  hence 
its  name,  (from  hdt^g  violaceus.) 

This  may  be  exhibited  by  introducing  a  few  scales  of  iodine  into  a  glass  ma-  £xp. 
trass,  and  heating  it  over  a  few  coals. 

678.  Like  chlorine  and  oxygen,  iodine  is  a  negative  electric.     It  Other  pro- 
renders  vegetable  colours  yellow.    It  is  very  sparingly  soluble  in  ?•'**••• 
water,  that  liquid  not  holding  more  than  x^fi  ^^  weight  in  solution ; 

the  colour  of  the  solution  is  yellow.  It  is  much  more  solubte  in  spirit 
of  wine  and  in  ether.  It  acts  energetically  on  the  animal  system  as 
an  irritant  poison,  but  is  employed  medicinally  in  very  small  doses 
with  advantage. 

679.  Iodine  manifests  a  strong  attraction  for  the  pore  metals  and 
for  the  most  of  the  simple  non-metallic  substances.    These  combina- 

*  When  water  is  poured  upon  certain  bodies  for  the  par|NMe  of  extractinff  their  saline 
ingredients;  the  proeess  is  called  UxvciaHon^  and  the  sohitioa  obtained,  a  lutpvum. 
For  details  see  Ure*s  ZKct.,  article  Jbdme, 
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Chap.ni.  tiont  are  termed  Jodide^  or  lodurets.    It  is  not  ipflammable ;  bat 
lodidM.      under  favoarable  circamstances  maVt  like  chlorine,  be  made  to  unite 
with  oxygen.    A  solution  of  the  pure  alkalies  acts  upon  it  giving  rise 
to  the  decomposition  of  water.     Whether  a  hypo-iodite  and  iodide 
are  first  produced,  as  in  the  case  of  chlorine,  has  not  yet  been  deter- 
mined, but  on  the  application  of  heat  an  lodate  and  iodide  are 
formed,    t. 
Action  of       680*  Pure  iodine  is  not  influenced  chemically  by  es^posure  to  the 
iJbS?^"'  direct  solar  rays,  or  to  strong  shocks  of  electricity.    It  may  be  passed 
through  red-hot  tubes,  or  over  intensely  ignited  charcoal,  without 
anv  appearance  of  decomposition ;  nor  is  it  affected  by  the  agency  of 
galTanism.    Chemists,  indeed,  are  unable  to  resolve  it  into  more 
simple  parts,  apd  consequently  it  is  regarded  as  an  elementary  prin«- 
ciple. 
Tettibr         631.  The  most  delicate  test  of  the  presence  of  iodine,  isstarch, 
'^'^^i^^       and  if  added  to  any  liquid  containing  it,  with  a  few  drops  of  sulphu- 
ric  acid,  a  blue  compound  is  formed  which  is  insoluble  in  water. 
According  to   Stromeyer,  a  liquid   containing  but  i^v.Wv  of  i^ 
weight  of  iodine,  receives  a  blue  tinge  from  a  solution  of   starch. 
Two  precautions  should  be  observed  to  ensure  success.    In  the  first 
place  the  iodine  must  be  in  a  free  state ;  for  it  is  the  iodine  itself 
only,  and  not  its  compounds,  which  unite  with  starch.     Secondly,  the 
solution  should  be  quite  cold  at  the  time  of  adding  the  starch  ;  for 
boiling  water  decomposes  the  blue  compound,  and  consequently  re» 
moves  its  colour.^ 
EqQiT«l«nt     682^  By  expelling  the  iodine  from  fused  iodide  of  silver  by  a  cur- 
rent of  chlorine  gas  and  thus  obtaining  a  chloride,  the  composition 
of  which  was  known,  Berzelius  inferred  the  equivalent  of  the  iodide, 
and  from  that  the  equivalent  of  iodine^  ^ 

HydriodU  Acid* 

Composition. 

i^brm.  fi^.  Gr,  lod.  Hyd,  Bguiv. 

U+I,  or  HI  4.3864  Air     »  1        136.3  1  leq.  -f  1       {=s    By  Wght.  127.3 

63.65      Hyd.  5=  I  »^  Vol.     200 

Formed.  683.  When  a  mixture  of  hydrogen  and  the  vapour  of  iodine  is 
transmitted  through  a  red  hot  porcelain  tube,  direct  combination 
takes  place  and  hydriodic  acid  gas  is  formed. 

This  gas  may  be  obtained  by  mixing  one  part  of  phosphorus  with 
ten  of  iodine  moistened  with  water,  placing  it  previously  iu  a  very 
small  glass  retort  or  flask,  and  applying  a  gentle  heat  with  a  spirit 
lamp. 

In  a  short  time,  a  brisk  reaction  coram€nce0,  a  slight  explodon  generally 
taking  place  within  the  retort  irom  the  heat  produced  inflammg  a  portion  of 
phosphorus,  and  also  from  the  disengagement  of  a  little  phospburetted  hydro- 
gen.   Dense  vapours  are  at  the  same  time  disengaged,  and  the  hydriodic  acid 

*To  render  this  test  more  anre  Balard  recommends  the  following :  After  mixiDgthe 
Ikiaid  containing  the  iodine  with  the  starch  and  the  sulphuric  acid,  a  small  quantity  of 
aqueous  solution  of  chlorine  is  to  be  added  which  from  its  lightness  may  be  made  not 
to  mix  with  the  mixture,  but  float  on  the  surface ;  at  the  place,  howeTer,  where  they 
touch,  a  blue  zone  will  be  developed  where  the  two  solutions  ara  in  contact,  but  if  the 
whole  be  mixed,  it  will  entirely  disappear^  if  the  chbrine  be  in  ezeess.^ilfm.  de  Chim, 
xxxTiii.    See  Hayes  in  Amer.  Jour,  zziii.  U2. 
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MS  may  be  cdlleeted  by  difplacem^nt;  (Fig.  150)  after  tfaeae  hare  b^eii  expel-^  8«ct.  zi. 
led,  a  few  drops  of  water  should  be  introdaced  from  time  to  time,  by  a  small  '^''  "'  '  ' 
pipette,  as  phosphuret  of  iodine  is  sublimed  into  the  neck  of  the  Tessel  when 
the  materials  are  dry,  and  no  ^  is  produced.  Phospburetted  hydrogen  is  dia- 
engaged  in  considerable  quantity  towards  the  end  of^  the  operation ;  when  it 
begins  to  come  it  is  recognised  by  the  acid  gas  with  which  it  is  mixed,  producing 
a  whiter  coloured  vapour  than  usual  with  the  air,  the  process  should  then  be 
stopped,  to  prevent  it  from  accumulating.  Fifty  or  an  hundred  grains  of  iodine, 
with  the  prbper  qiianti^  of  phosphorus,  will  be  found  quite  sufficient,  using  a 
retort  capiable  or  containing  about  5  or  6  ounces  of  water.  Constant  attention 
must  be  paid  to  this  operation  while  it  is  going  on.* 

684.  A  number  of  complicated  changes  take  place  daring  the  ThaMy. 
reaction  of  the  different  substances  employed,  and  part  of  the  newly 
formed  products.    The  hydriodic  acid  gas  is  produced  by  the  iodine 
combining  with  the  hydrogen  of  a  portion  of  water  which  is  decom<>> 
posed,  the  oxygen  uniting  with  the  phosphorus. 

685.  100  measures  of  hydriodic  acid  gas  contain  precisely  half  Eiutiiraleiit 
their  volume  of  hydrogen.     Assuming  it  to  consist  of  equal  vol-  ™  ^^^' 
umes  of  hydrogen  gas  and  iodine  vapour  united  without  any  conden^  ^' 
Bation,  then,  since 

5o  cubic  inches  of  the  tapoor  of  iodine  weigh  1S4.9319  grains. 

50         do.  hydrogen  gaa    .        .        .       .  1.0683      ** 

100  ciibic  inches  o^  hydriodic  acid  gas  sheuld  weigh      136.0002 

¥hese  numbers  are  obviously  in  the  ratio  of  1  to  126.3,  th6  e(}uU 
valents  of  iodine  and  hydrogen.  On  the  same  principles  the  density 
of  the  gas  should  be  4.3854,  which  is  probably  more  correct  than 
4.443,  a  number  found  experimentally  by  Cray-Lussact  Hencie  100 
measures  of  hydriodic  acid  gas  contain  50  measures  of  hydrogen  gas 
and  50  of  the  vapour  of  iodine. 

When  hydriodic  acid  gas  is  conducted  into  water  till  that  liquid  is 
fully  charged  with  it^  a  colourless  acid  solution  is  obtained,  which 
emits  white  fumes  on  exposure  to  the  air^  and  has  a  density  of 
1.7.     T. 

686.  Hydriodic  a<iid  gas  has  a  sour  tastC)  reddens  vegetable  blue  Properties, 
colours,  produces  dense  white  fumes  with  atmospheric  air,  and  re* 
eembles  hydrochloric  acid  in  its  odour.  It  combines  with  alkalies  and 

forms  salts  called  hydrxoddtes.    tt  is  rapidly  absorbed  by  water. 

Remove  a  tube  filled  With  the  gas,  having  closed  tbe  open  end  with  the  fin*  P^p. 
ger,  into  a  basin  of  water  and  remoye  the  finger  under  the  water. 

687i.  The  gas  is  decomposed  by  several  substances  which  have  a  Decompo- 

strong  affinity  for  either  of  its  elements.    Thus  oxygen  gas,  when"^» 

heated  with  it  Unites  with  its  hydrogen,  and  liberates  the  iodine* 

Chlorine  effects  the  decomposition  ihstantly. 

Fill  a  small  iar  half  AiU  of  hydriodic  acid  gas  over  the  mercurial  troueh,  ihrert  gn, 
it  with  a  tray,  keeping  the  mouth  of  the  jar  upwards,  and  bring  cautiously  in  con- 
tact with  it  the  eitremity  of  a  narrow  tube,  or  the  beak  of  a  small  retort,  from 
which  chlorine  is  slowly  escaping;  50  or  60  grs.  of  peroxide  of  manganese  may 
be  employed  With  a  proper  proportion  of  hvdrochlonc  acid,  and  a  retort  capable 
of  holding  1  or  2  oz.  measures.  The  chlonne  combines  with  the  hydrogen  of  the 
hydrochloric  acid,  and  purple  Vapours  of  iodine  appear  which  will  condense.  If 
much  chlorine  be  broui^t  at  once  in  (Contact  with  the  acid  gas,  on  explosion  takes 
place.t 

*  Reid,  Eknu  208.  t  An,  de  Ch,  xci.  16. 

$The  chlorine  should  be  allowed  to  come  for  some  time  before  it  is  applied  to  the 


2()b  loiim  and  Bfdrbgen. 

Chap.  m.      ^tc^  t  Bmdl  jar  lllidd  with  the  M  over  ttierciiijr,  tb6  iodine  wih  eoMMife  wMb 

r- Uiat  metal  and  the  hydrogen  be  left. 

bj  mercarji     iny^rt  a  |ar  fbll  or  the  gaa  with  an  earthen  dish,  and  poor  into  it  aome  atrong 

fhming  nitnc  and  nitrooa  acids.  The  hydrogen  of  the  hydriodic  acid  will  com- 
and  mtrona  1,^^^  ^jjii  ^^  oxygen  of  the  nitroiu  acid  and  iodine  be  tot  free.  The  mizttere  of. 
*^^*  ten  inflames  even  when  no  more  than  two  or  three  cubic  inches  of  the  gas  aro 

used. 

Its  solation  ^^'  ^  solution  of  this  gat  in  water  is  much  employed  as  a  test, 
used  as  a  and  may  be  made  by  decomposing  the  iodide  of  starch  suspended  in 
^••^  water,  by  a  stream  of  hydrosulphuric  acid.* 

Decompo-  ^^*  ^^^  solution  of  hydriodic  acid  is  decomposed  by  mere  expo- 
■ed.  sure  to  the  air,  oxygen  unites  to  its  hydrogen,  and  the  iodine  is  set 

free.     Nitric  and  sulphuric  acids  also  decompose  it ;  and  chlorine 
unites  to  its  hydrogen  to  form  hydrochloric  acid. 
Test  690.  Bichloride  of  platinum  is  a  most  delicate  test  of  hydriodic 

acid.  Pour  a  few  drops  into  a  glass  containing  an  ounce  or  two  of 
water,  add  a  single  drop  of  a  solution  of  the  bichloride  of  platinom» 
the  liquid  will  become  of  a  reddish  brown  colour,  and  a  dark  precipi- 
tate subside^ 

Its  effect  upon  metallic  solutions  may  be  seen  as  follows :  Added 
to  solution  of  nitrate  of  silver,  it  affords  a  yellow  precipitate ;  with 
bichloride  of  mercury,  a  yellow  and  finally  a  red  precipitate ;  with 
acetate  of  lead,  a  yellow. 

Ozide  of  Iodine  and  todous  Acid. 

691.  When  the  vapour  of  iodine  and  oxygen  gas  are  heated,  a 

yellow  matter  of  the  consistence  of  solid  oil  is  generated,  which  has 

been  regarded  as  an  oxide  of  iodine.  If  the  supply  of  oxygen  is  conti- 

lodons       nued,  it  is  converted  into  a  yellow  liquid  supposed  to  be  iodous  acid.t 

add. 

lodk  Acid,  ' 

CompositioD. 
rWfn*  lod*  Qsy.        JSguio* 

I+60,  i,'  or  10^  126.3  1  eq.  +  40       6  eq.    ==    166.3 

Iodic  add  ^^^'  "^^^^  *^^^  ^*^  discovered  by  Gay-Lussac  and  Davy.  It  is 
obtained  by  bringing  iodine  into  contact  with  the  enchlorine  of 
Davy ;  the  chlorine  unites  with  one  portion  of  iodine,  and  the  oxygen 


hydriodic  acid  g[as,  that  all  the  air  may  be  expelled.  Three  or  four  eobic  inches  of 
this  gas  are  qoite  sofficient  for  this  experiment ;  the  operator  sboold  place  the  ▼cssel 
from  which  IM  chlorine  escapes  on  a  retort  stand  and  m  soch  a  dtnatton  that  any  ex- 
cess  of  gas  may  be  carried  «way  by  a  current  of  air. 

*  Jour,  Sci.  N.  S.  No.  Tiii. 

Sixty  grains  of  iodine  are  dissolved  ia  3  ounces  of  alcohol  (kept  cold),  and  an  omice 
of  starch  reduced  to  a  verv  fine  powder  diffused  in  4  ounces  of  wa-  «..     .gg 

ter;  on  adding  this,  drop  ny  drop,  to  the  first  solution,  and  stirring  '*' 

it  constantly  at  the  same  time,  iodide  of  starch  is  formed ;  the  clear 
liquid  is  decanted  after  the  iodide  has  subsided.  A  little  water  is 
then  poured  on  it  to  remove  any  alcohol  that  may  be  still  mixed  with 
it,  and  after  this  has  been  removed,  the  iodide  is  diffused  through  an 
ounce  of  water,  and  a  stream  of  hydrosulphuric  acid  gas  from  400  or 
600  grs.  of  tt^  sulphuret  of  iron  passed  through  it  till  it  becomes 
white.  Filter  the  liquid  and  boil  for  a  short  time  to  expel  any  ex- 
cess of  hydrosulphunc  acid.  The  iodide  of  starch  maybe  put  into 
a  precipitate  glass,  when  it  is  diffused  through  water,  and  the  hy- 
drosulphuric acid  prepared  in  a  bottle  with  a  bent  tube  fitted  to  it.    (Fig.  166.) 

t  Quarf.  Jour,({fSeL  N.  S.  I. 
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with  another,  forming  two  coropounds,  a  rolatile  orange  coloured    »n«uxL 
matter,  chloride  of  iodine,  and  a  white  solid  substance  which  is  iodic 
add.     On  applying  heat,  the  former  passes  off  in  vapour,  and  the 
latter  remains."* 

Another  proceas  if  hjf  boiling  iodine  in  pure  nitrio  acid  of  density  1 .5 ;  the  acid,  Proceaa. 
with  about  one  fifth  of  its  weight  of  iodine,  ia  placed  in  a  tube  aealed  at  one  end, 
about  an  inch  wide  and  fifteen  inches  long.  The  boiling  should  be  continued  at 
least  twelve  hours.  As  the  iodine  rises  and  condenses  on  the  sides  of  the  tube,  it 
should  be  restored  to  the  liquid,  either  by  a|[itation  or  by  help  of  a  glass  rod.  As 
soon  as  the  iodine  disappeaiv,  the  nitric  acid  is  dissipated  by  cautious  evapora- 
tion.t 

It  is  also  obtained  by  the  oxidizing  effect  of  hypochlorous  acid  on 
iodine,  and  by  several  other  processes. t 

693.  It  is  a  white,  semitransparent  solid,  having  a  very  acid  as- piopeitias. 
tringent  taste.    It  acts  powerfully  on  inflammable  substances,  and 

enters  into  combination  with  metallic  oxides,  forming  iodates.   These 
compounds,  like  the  chlorates,  yield  pure  oxygen  by  heat. 

694.  It  forms  salts  with  the  alkalies  which  are  soluble  in  water. 

It  is  readily  detected,  being  deoxidized  by  sulphurous,  phospho- 
rous, hydriodic  and  hydrosulphuric  acids,  iodine  being  set  at  liberty, 
which  may  be  detected  by  starch. 

695.  When  decomposed  by  heat  it  is  resolved  into  oxygen  gas  Oeoompo- 
and  pure  iodine ;  and  it  was  therefore  termed  by  Davy  oxyiodinef  sition. 
and  by  Gay-Lussac  acide  iodique  ankydre.^ 

Teriodide  of  Nitrogen, 

Composition. 

F\irm,  Iodine,  NU.  Eaidw. 

N43l,orNP  378.9    3  eq.  +  14.16    1  eq.     ss    393.06 

696.  From  the  weak  affinity  that  exists  between  iodine  and  nitro- 
.  gen,  these  substances  cannot  be  made  to  unite  directly.     But  when 

iodine  is  put  into  a  solution  of  ammonia,  the  alkali  is  decomposed  ; 
its  elements  unite  with  different  portions  of  iodine,  and  thus  cause 
*the  formation  of  hydriodic  acid  and  iodide  of  nitrogen. 

It  may  be  procured  by  pouring  a  solution  of  ammonia  upon  a  very  Process. 
small  quantity  of  iodine.  Hydriodic  acid  is  one  product,  and  the 
other  a  brown  powder,  which  detonates  upon  the  slightest  touch,  and 
is  resolved  into  nitrogen  and  iodine.  It  may  be  collected  by  pouring 
off  the  liquid,  and  placing  it,  while  moist,  in  small  parcels  upon  bibu- 
lous paper,  where  it  must  be  suffered  to  dry  spontaneously. 

If  we  collect  the  powder  on  two  or  more  separate  pieces  of  paper,  and  place  g^_^ 
them  at  several  inches  apart,  the  eiplosion  of  any  one  of  them  will,  sometimes,  ^' 
cause  that  of  the  others. 

*  PhU,  Tram.  1816.  t  CooneU  in  i&tftn.  Phil,  Jour.  1831,  72,  and  1832,  337. 

t  For  which  see  Tamer,  232. 

•  •  • 

S  Periodic  Add^  Fbrm.  1+70,  I  or  lO^,  is  analogous  ia  composition  to  per- 
chloric acid,  aad  has  decided  acid  properties.    For  process  see  Tomer  232. 

Chlorides  of  Iodine.  Chlorine  is  absorbed  at  coromoD  temperatures  by  dry  ^MtUori** 
kdioe  with  erolotion  of  heat,  and  a  solid  compoond  of  iodine  ana  chlorine  results, 
which  was  discoTered  both  by  Davy  and  Gay-Lnssac.  The  colour  of  the  product  is 
orange-yellow  when  the  iodine  is  fully  satareted  with  chlorine,  but  is  of  a  reddish- 
orange  if  iodine  is  in  excess.  Its  solution  is  colourless,  Tery  sour  to  the  taste,  and 
reddens  vegetsble  blue  colours,  but  afterwards  destroys  them.  From  its  acid 
properties  Davy  gare  it  the  name  of  chJoriodic  odd.  soaberain  has  lately  distin- 
guished a  compoond  of  3  eq.  of  chlorine  and  1  of  iodine.* 

*  JSrar.  4»  Phmr.  Feb.  1837. 
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Obtp.  in.       When  left  exposed  it  gradaally  evaporates.    It  often  explodes 

spontaneoasly.     When  it  detonates,  the  purple  fames  of  iodine  are 

perceptible. 

697.  Iodides  of  phosphorus.    Iodine  and  phosphorus  combine  on 

being  brought  in  contact,  and  so  much  heat  is  evolyed  that  part  of 

the  phosphorus  is  inflamed  if  the  uir  be  not  excluded. 

2j«  a  smaU  piece  of  phoBphorus  diay  be  placed  in  a  wine  ^Ibm  and  iodine  let  fkU 

upon  it  from  a  card  or  broad  knife,  combustion  entoes  and  iodine  vapour  eacapea. 

Iodine  and  phosphorus  can  combine  in  various  proportions.* 


SscnoN  XII.    Brondne. 
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Process  for 

obtaioing 

bromins. 
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Syml^  Sp.  Gr, 

Br  S.4017  Air     =  1 

78.40       Hyd.  =  I  ■^  WghL     78.4 

696.  In  1S26  Balardt  of  Montpellier  discovered  in  sea  water  a 
new  substance  to  which  he  gave  toe  name  tmiride  ;  but  it  has  since 
been  changed  to  Bromini,  a  word  derived  from  the  Greek  Ps^t^oc 
(graveolentia)  signifying  a  strong  or  rank  odour. 

699.  Bromine  exists  in  sea  water  in  the  form  of  bromide  of 
sodium  or  magnesium.  It  may  apparently  be  regarded  as  an  essen- 
tial ingredient  of  the  saline  matter  of  the  ocean.  It  has  also  been 
found  in  the  waters  of  the  Dead  Sea,  and  in  a  variety  of  salt  springs. 
It  is  present,  however,  in  very  small  quantity  ;t  and  even  the  an- 
crystallizable  residue  called  bittern^  left  after  the  salt  has  been  sepa- 
rated from  sea  water  by  evaporation,  contains  but  little  of  it.^ 
Daubeny  has  detected  it  in  several  mineral  waters,  and  Balard  in 
marine  plants  on  the  shores  of  the  Mediterranean,  in  the  ashes  of 
sea  weeds,  and  of  some  animals,  as  the  Lmthina  xioLucea. 

700.  It  is  obtained  by  passing  a  stream  of  chlorine  through  the 
bittern,  and  exposing  it  afterwards  to  heat ;  the  bromine  distils  over 
and  may  be  collected  in  a  receiver.  A  few  ounces  of  concentrate4 
bittern  are  sufficient  to  show  this  process.    In  prepsring  the  liquid* 

*  hdidt  qf  Sulphur  is  prepared  with  4  parts  of  iodiae  and  1  of  salpbnr  heated 
gently. 

Ptriodide  of  Carbon  is  formed  when  a  solatioa  of  pore  potassa  in  alcohol  is 
mixed  with  an  aksofaolic  solution  of  iodine^  a  portion  of  the  alcohol  is  decomposed :  its 
hydrogen  and  carlioo  uniting  separately  with  iodine,  gire  rise  to  periodide  of  carbon, 
and  hydriodic  acid.  By  distilling  a  mixture  of  the  preceding  with  corrosive  sublimate, 
the  protiodide  is  formed. 

t  The  original  essay  of  Balard  was  fmblished  in  the  Ann.  de  Odm,  H  de  Pkjfi, 
Ang.  1838,  and  an  abstract  of  it  in  the  JSrfm.  Jour.  qfSd. 

t  One  hundred  pounds  of  sea  water  ji^  but  8.878  grains  of  bromine.  Quarl. 
Jour.  1827. 

•  I  hsTe  obtained  it  from  the  bittern  of  the  salt  works  in  the  Ticinity  of  Boston  (W.), 
and  Hayes  has  found  it  in  the  waters  orSaret«)ga.    Amer.  Jour.  xTiiL  142. 

Hayes  recommends  the  following  as  a  method  ofdetectiog  the  presence  o(extremdv 
mtrtuls  quantities  of  bromine  and  iodine.  Mix  a  few  drops  of  pore  water  in  a  conical 
glass,  with  a  drop  of  sulphuric  acid,  and  half  a  Yolnme  of  a  cold  solution  of  starch : 
pass  a  few  bubbles  of  chlorine  through  the  mixture,  which  is  then  left  at  rest,  that  the 
diffused  starch  may  unite  at  bottom.  A  glass  rod,  dipped  in  the  fluid  supposed  lo 
contain  bromine,  is  then  spplied  to  the  surfiice  of  the  fluid  in  the  glass ;  orange- 
coloured,  dense  striee  descend  from  the  rod,  and  rest  for  some  time  on  the  starch  if 
bromine  alone  is  present.  If  the  solution  contains  iodine  also,  the  sppearance  is  tho 
same,  but  the  stria  are  deep  blue:  in  a  few  seconds  the  blue  disappeara,  and  the  cha* 
raeteriatk  orange  yellow  of  the  solntion  of  bromine  remains.  Amtr.  Jour.  ZTiii.  149. 
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the  chlorine  must  be  transmitted  through  it  till  the  orange  colour   Sttxn. 
which  it  acquires  ceases  to  become  deeper.     The  chlorine  which  is 
procured  from  290  or  300  grains  of  peroxide  of  manganese  will  be 
quite  sufficient  for  passing  through  five  or  six  ounces  of  bittern. 

701.  Bittern  consists  principally  of  sulphates  and  hydrochlorates  Theorj. 
of  soda  and  magnesia,  with  a  small  quantity  of  the  hydrobromate  of 
magnesia,  the  hydrobromic  acid  of  which  is  composed  of  hydrogen 
and  bromine.'  The  chlorine  combines  with  the  hydrogen  and  disen- 
gages the  bromine,  which  imparts  a  yellow  colour  to  the  liquid.  The 
▼apour  of  the  bromine  has  a  deep  reddish  brown  colour  and  con- 
denses into  a  very  dark  coloured  liquid. 

There  are  other  processes.  A  current  of  chlorine  may  be  trans-  Othw 
mitted  through  the  bittern,  and  it  may  then  be  shaken  with  sulphuric  ?"*••••■• 
ether,  which  will  dissolve  the  bromine,  and  acquire  a  hyacinth  red 
tint.  When  the  ethereal  solution  is  agitated  with  caustic  potassa, 
its  colour  entirely  disappears,  owing  to  the  formation  of  bromide  of 
potassium  and  bromate  of  potassa,  the  former  of  which  is  obtained  in 
cubic  crystals  by  evaporation.  The  bromine  may  be  set  free  by 
means  of  chlorine,  or  still  better  by  sulphuric  acid  and  peroxide  of 
manganese  in  a  glass  retort  dipping  into  cold  water. 

7^.  Bromine  is  liquid  at  common  temperatures  with  a  deep  hya-  Prppertiw, 
cinthine  red  colour.     It  volatilizes  readily  and  its  vapour  is  highly 
coloured,  having  a  density  of  •5.54,*  100  cubic  inches  at  60**  should 
weigh  167.5158  grs.     Its  sp.  gr.  is  about  3.     At  116.5"  it  ^oils,  and  Spedfle 
is  frozen  and  brittle  at  — 4  .     It  communicates  a  yellow  stain  to  the  fnvtty. 
skin  and  acts  powerfully  upon  organic  bodies.     It  is  highly  fatal 
to  animal  life ;  a  bird  is  killed  by  a  single  drop  placed  on  its  beak. 
Bromine  has  not  been  decomposed  ;  it  is  an  imperfect  conductor  of 
electricity,  and  a  negative  electric.     It  is  soluble  in  water,  alcohol  and 
ether,  and  has  the  property  of  bleaching. 

703.  T£e  vapour  of  bromine  extinguishes  a  lighted  taper,  which, 

at  first,  burns  with  a  flame  green  ai  its  base,  and  red  at  its  upper  Action  on 
part.     Some  inflammables  take  fire  by  contact  with  it.     Thus  cmnbasti- 
antimony  attd  tin    bum  in   it,  and  the   combustion  of  potassi-      ' 
um  is  attended  with  intense  heat  and  a  vivid  flash,  and  the  vessel  in  ^^'^^' 
which  the  experiment  is  made  is  often  broken.     Its  affinity  for  metal- 
lic oxides  is  feeble. 

704.  Bromine  is  analogous  to  chlorine  and  iodine  in  its  chemical  Anilogoiit 
relations,  and  suffers  the  same  kind  of  change  as  those  bodies  simi-  ^  chloriM 
larly  treated.     Its  presence  is  in  general  easily  detected  by  chlorine    ^ 

and  the  colour  of  its  vapour,  or  of  its  solution  in  ether. 

Hydrobromic  Acid* 

Composition. 

l«bnn.  Sp,  Or.  Srom.  Hyd,      Equiv,    Eq.Vol, 

H+Br.,orHBr.       2.7363  Air      =1        78.4  +  1    =    79.4  «00 

39.70     Hyd.  =s  1 

705.  This  acid  is  formed  when  a  lighted  candle  or  piece  of  red-hot  Whm 
iron  is  introduced  into  a  mixture  of  the  vapour  of  bromine  and  hy-fi>nned. 
drogen  gas ;  and  by  the  action  of  bromine  on  some  of  the  gaseous 
compounds  of  hydrogen. 

*  Mttacherlich. 
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etop,in.       It  may  be  cooTenieDtly  made  for  experimental  porpoMS  bT  a  prooem  nmilar  to 
p^^         that  for  formiDc  hrdriodic  acid.    A  mixture  of  bromine  ana  phosphorui  sUgbtlj 
"**••■■       moiftened,  Y'ieU*Jbj  the  aid  of  gentle  beat,  a  large  quantity  of  pure  hydrobromic 
acid  gas,  wnich  should  be  collected  either  in  dry  glass  bottles,  or  oyer  mercury. 

Properties.      706.  It  is  a  pungent,  colourless,  acid  gas,  undergoing  no  decompo- 
sition when  transmitted  through  a  red-hot  tube,  either  alone  or  mixed 
with  oxygen,  but  is  decomposed  instantly  by  chlorine.     It  may  be 
preserved  without  change  over  mercury ;  but  potassium  and  tin  de- 
compose it  with  facility. 
SolatioD.         707.  It  is  very  soluble  in  water,  and  the  solution  may  be  made  hv 
treating  bromine  with  hydrosulphuric  acid  dissolved  in  water,  or  stiU 
better  by  transmitting  a  current  of  hydrobromic  acid  gas  into  pure 
water.     The  liquid  becomes  hot  during  the  condensation.     This  acid 
solution  is  colourless  when  pure,  but  possesses  the  property  of  dis- 
solving a  large  quantity  of  bromine,  and  then  receives  the  tint  of  that 
substance. 
AedoD  of        Chlorine  decomposes  the  solution  of  hydrobromic  acid.     Nitric  acid 
chlorine,     ^jg  ^p^^  j^  j^gj  suddenly,  disengaging  bromine.     Nitro-hydrobrotnic 
acid  is  analogous  to  aqua  regia,  and  possesses  the  property  of  dis- 
solving gold. 
Weighty         708.  Hydrobromic  is  analogous  to^hydriodic  and  hydrochloric  acid 
an^eqoira-  g^ses,  in  containing  equal  measures  of  bromine  vapour  and  hydro- 
gen gas  united  without  any  change  of  volume  ;  and  since 

On. 

50  cubic  inches  of  bromine  vapour  weigh  63.7579 

60        do.  hydrogen  gas  ....         1.0683 

100       do.  hydrobromic  acid  mnst  weigh  .  84.8262 

These  numbers  are  in  the  ratio  of  1  to  78.4,  which  is  the  composi- 
tion of  the  gas  by  weight.  T.  The  salts  of  hydrobromic  acid  are 
termed  hydrobromates. 

Bromic  Acid. 

Composition. 
Sifmb.  Bronu        Oxy.  Equiv. 

Br-f50,  Br,  or  BtO>.  76.4    I  eq.  +  40    6eq.   =:    118.4 

Bromk  709.  Bromic  Acid  is  formed  by  the  action  of  bromine  on  potassa, 

*^'  when  a  change  exactly  similar  to  that  produced  by  chlorine  (poge  666) 

ensues,  whereby  bromide  of  potassium  and  bromate  of  potassa  are 
generated  ;  and  the  latter,  being  much  less  soluble  than  the  former, 
is  readily  separated  by  evaporation.  The  bromate  of  the  other  alka- 
lies and  alkaline  earths  may  be  prepared  in  a  similar  manner. 

710.  Bromic  acid  may  be  procured  by  decomposing  a  dilute  solu- 

^''  tion  of  bromate  of  baryta  with  sulphuric  acid,  so  as  to  precipitate  the 

whole  of  the  baryta.  The  solution  of  bromic  acid  may  be  concentrated 

by  slow  evaporation  until  it  acquires  the  consistence  of  syrup. 

Proptrtiss       Bromic  acid  has  scarcely  any  odour,  but  its  taste  is  very  acid, 

^  though  not  at  all  corrosive.     It  reddens  litmus  paper  powerfully  at 

first,  and  soon  after  destroys  its  colour.     It  is  similar  in  constitution 

to  iodic,  chloric  and  nitric  acids.* 


*  Chloride  q/*  Bromine.— Tliis  compound  may  be  formed  at  common  temjpem- 
torsa  by  transmitting  a  current  of  cblonne  through  bromine,  and  condensing  the  cusen- 
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SecLXm. 

Section  XIII.     Fluorine. 

Symb.  F.       JS^tiio.  18.68  Eq.  Vol.  100 

711.  The  mineral  known  as  Derbyshire  spar  from  the  place  where  piaQrine 
it  occars  in  great  abundance,  was  considered  to  be  a  compound  of  a 
peculiar  acid  and  lime,  and  the  former  was  called  fluoric  acid.  It  was 
suggested  by  Ampere  that  this  mineral  is  a  compound  of  fluorine 

and  calcium,  and  this  was  supported  experimentally  by  Davy.  The 
supposed  base  of  the  acid  was  named  fluorine,  but  was  not  obtained 
in  an  insulated  form  until  recently,  and  its  properties  are  but  imper- 
fectly known. 

712.  Fluorine  was  first  procured  by  Baudrimont  by  passing  fluo-  How  ob- 
ride  of  boron  over  minium  (red  oxide  of  lead),  heated  to  redness,  uinod. 
and  receiving  the  gas  in  a  dry  vessel.     As  it  is  mixed  with  much 
oxygen,  his  present  method  is,  to  treat  a  mixture  of  fluoride  of  cal- 
cium and  peroxide  of  manganese  with  strong  sulphuric  acid.     This 
process,  howevei^,  does  not  afford  it  pure,  hydrofluoric  and  fluosilicic 

acid  gases  being  at  the  same  time  evolved.  The  presence  of  the 
latter  does  not  prevent  the  observation  of  some  of  the  properties  of 
fluorine. 

713.  It  appears  to  be  a  gaseous  body,  resembling  chlorine  and  Properties, 
burnt  sugar  in  odour,  and  possessed  of  bleaching  properties.     It  does 

not  act  on  glass.  It  is  a  negative  electric,  and  has  a  powerful  afli- 
nity  for  hydrogen  and  metallic  substances. 

Hydrofltunic  Acid. 

Composition. 

Fofmu  8p,  Or,       Fbi^  Hyd.  Equxo, 

H+F,  or  HF.        1.0609        18.68  1  eq.  +  1        1  eq.    a     19.68 

714.  Hydrofluoric  acid  was  first  obtained  pure  by  Gay-Lussac  HjdiofliiO' 
and  Thenard  in  1810.  ™  ^^f 

715.  It  is  prepared  by  acting  on  finor  spar  (jkurride  of  calcium) ^pjo^tn  far. 
by  sulphuric  acid. 

The  spar,  carefully  separated  from  siliceous  earth  and  reduced  to  fine  powder, 
is  put  into  a  leaden  or  silver  retort  with  twice  its  weight  of  sulphuric  acid ; 
the  materials  are  mUed  together  with  an  iron  rod,  and  on  applying  a  moderate 
heat  by  a  chauffer,  the  hydrofluoric  acid  is  disengaged  :  a  receiyer  of  the  same 
metal  must  be  used  to  condense  it.  An  arrangement  like  that  on  the  following 
page  will  be  found  convenient.* 

WBi^fd  vapours  by  means  of  a  freezing  mixture.  The  resulting  chloride  is  a  volatile 
fluid  of  a  reddish  yellow  colour. 

Bromide  of  Iodine.— These  substances  act  readily  on  each  other,  and  appear  capa-  Breiniiu  cf 
ble  of  uniting  in  two  proportions.  *«"»•.  *«• 

Bromide  of  Sulphur. — On  pouring  bromine  on  sublimed  sulpbnr,  combination  en- 
suef,  and  a  fluid  of  an  oilv  appearance  and  reddish  tint  is  generated.  Bromide  of 
sulpnur  is  decomposed  by  chlorine,  which  unites  with  sulphur  and  displaces  bromine. 

Bromides  cf  Fhotphonu. — When  bromine  and  phosphorus  are  brought  into  conuct 
in  a  flask  filled  with  carbonic  acid  gas,  they  act  suddenly  on  each  other  with  evolution 
of  heat  and  Ught,  and  two  compounds  are  generated.  The  protobromide  retains  its 
liquid  form  even  at  62®  F. 

Bromide  of  Carhon  is  formed  by  the  action  of  bromine  on  half  its  weight  of  per- 
iodide  of  carbon,  when  bromide  of  carbon  and  a  subbromide  of  iodine  are  formed,  the 
latter  of  which  is  removed  by  a  solution  of  caustic  potassa.  At  common  temperatures  it 
is  liquid,  but  crystallizes  at  32<^  F.  lis  taste  is  sweet,  and  it  has  a  penetrating  ethe- 
leal  odour. 

*  It  is  composed  of  a  deep  leaden  cup,  (Fig.  167,)  with  a  rim  of  lead  soldered  round  ApptntM  for 
the  top,  a  small  space  being  left  between  it  and  the  upper  part  of  the  cup  for  filing  hjGi,  mu. 
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^  716.  As  the  materials  swell  up  considerably  daring  the  process, 
the  retort  should  be  capacious.  At  the  close  of  the  operation,  pure 
hydrofluoric  acid  is  found  in  the  receiver,  and  the  retort  contains  dry 
sulphate  of  lime.  The  chemical  changes  are  the  same  as  in  the 
formation  of  hydrochloric  acid  gas  (629),  fluorine  being  substituted 
for  chlorine,  and  calcium  for  soidium.  If  the  sulphuric  acid  is  of 
sufficient  strength,  all  its  water  is  decomposed,  and  the  resulting 
hydrofluoric  acid  is  anhydrous. 

717.  This  acid  at  32  is  a  colourless  liquid,  and  remains  such  at 
59°  if  preserved  in  well  stopped  bottles,*  but  when  exposed  to  the 
air,  it  flies  off  in  dense  white  fumes.  It  has  a  very  pungent  smell, 
and  is  extremely  destructire  ;  if  applied  to  the  skin  it  instantly  kills 
the  part,  producing  extreme  pain  and  extensive  ulceration.  The 
operator  should  carefully  avoid  the  fumes,  and  the  apparatus  or  ves- 
sels containing  the  acid,  should  be  so  placed  that  they  may  be  car- 
ried from  him. 

It  acts  powerfully  on  glass,  destroying  its  transparency,  in  conse- 
quence of  attacking  its  silica  and  forming  with  it  a  compound  known 
nsjluosilicic  acid  gas,  hence  it  cannot  be  kept  in  glass  vessels  unless 
protected  by  wax. 

718.  From  its  affinity  for  silica,  it  is  employed  for  etching  on 

glass,  and  for  this  purpose  should  be  diluted  with  three  or  four  parts 

of  water.     The  glass  should  be  covered  with  a  varnish,  prepared  by 

melting  together  bees-wax  and  turpentine,  and  surrounded  at  the 

edge  by  a  rim  of  the  same.     The  varnish  is  then  to  be  removed 

wherever  it  is  desired  to  have  the  acid  act  upon  the  glass,  as  in  the 

process  for  etching  on  copper. 

On  a  small  scale  the  experiment  may  be  made  by  placing  a  small  quantity  of 
the  powdered  fluor  spar  in  a  platinum,  silver,  or  leaden  cup  or  crucible,  support- 
ed over  a  lamp ;  covering  the  vessel  with  a  piece  of  glass,  coated  by  rubbin|;  over 
it,  previously  warmed,  a  piece  of  wax,  lines  being  traced  throuch  the  coating  so 
as  to  expose  the  glass.  Or  the  cup  may  be  held  over  the  firet  till  the  vapour  be- 
gins to  escape,  the  glass  is  then  appliea  and  the  whole  covered  with  a  wooden  or 
pasteboard  box.t 

719.  Hydrofluoric  acid  has  all  the  characters  of  a  powerful  acid. 


in  the  head  of  the  apparatus  when  the  materials  Fig.  167. 

have  been  put  ia.  The  easiest  method  of  proceed- 
ing is  to  fill  this  iotervening  space  witn  moist 
plaster-of*pariSy  and  put  in  the  cover  when  it  be- 
gins to  set,  taking  care  to  have  the  tube  and  the 
bottle  receiver,  which  are  used  alonff  with  it, 
properly  adjusted  at  the  same  time,  that  it  may 
not  be  necestarv  to  shifl  it  afterwaids.  The  re- 
ceiver isplaced  in  a  jar  or  basin,  and  sorrounded 
by  ice.  The  heat  shoald  be  eautionsly  applied ; 
so  as  not  to  melt  the  leaden  cop ;  the  student 
should  examine  it  occasionally  with  an  iron  rod, 
and  withdraw  the  chauffer  if  it  begins  to  soften 
or  yield  more  than  usual  to  the  iron.  The  body 
of  the  retort  mav  be  rather  more  than  two  inches 
in  diameter,  ana  between  seven  and  eight  inches 
long ;  it  is  supported  by  an  iron  ring  resting  on  three  rods  of  iron,  and  bound  together 
at  bottom  by  a  plate  of  sheet  iron,  on  which  the  chauffer  is  placed.  Two  to  four 
oonces  of  fluor  spar  may  lie  used  in  it  at  a  time,  or  even  more  if  required.  A  more  ex- 
pensive apparatus  is  described  in  Amer.  Jbur.  vol.  vi.  366. 

•  Which  should  be  lined  with  wax.  t  With  tongs,  not  by  the  hand. 

t  A  little  sand  poured  round  the  box  where  it  resta  on  a  table  will  prevent  the  va- 
pours from  annoymg  the  operator. 
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It  has  a  strong,  sour  taste,  reddens  litmus  paper,  and  neutralizes  al-.  jMtjon. 
kalies,  either  forming  salts  termed  hydrofluates,  or  most  generally 
giving  rise  to  metallic  fluorides.    All  these  compounds  are  decom- 
posed by  strong  sulphuric  acid  with  the  aid  of  heat,  and  the  hydro- 
fluoric acid  while  escaping  may  be  detected  by  its  action  on  glass. 

720.  Hydrofluoric  acid  acts  violently  on  some  of  the  metals,  espe-  ^^j^^ 
cially  on  the  bases  of  the  alkalies.     It  is  a  solvent  for  some  elemen-  '    °* 
tary  principles  which  resist  the  action  even  of  nitro-hydrochloric  acid, 

with  evolution  of  hydrogen  gas ;  and  when  mixed  with  nitric  acid,  it 
proves  a  solvent  for  silicon  which  has  been  condensed  by  heat,  and 
tor  titanium.  Nitro-hydrofluoric  acid,  however,  is  incapable  of  dis- 
solving gold  and  platinum. 

Fhoboric  Acid. 

Composition. 

Fbrm.  .FTu.  Bar.  Equit. 

B+SP,  or  BF>.  66.04     3  «q.    +    10.9     1  eq.    =    66.94 

721.  This  gas  was  procured  by  Gkiy-Lussac  and  Thenard  from  a 
mixture  of  vitrified  boracic  acid  and  fluor  spar,  exposed  to  heat  in  a 
leaden  retort.    It  was  procured  by  Dr  Davy  by  mixing  intimately  one  pmctM. 
part  of  fused  boracic  acid  with  twice  its  weight  of  fluor  spar,  both  in  • 
fine  powder,  and  twelve  parts  of  sulphuric  acid  in  a  glass  flask,* 
heating  the  mixture  by  a  lamp.     Half  an  ounce  or  an  ounce  and  a 

half  of  the  fused  boracic  acid,  with  the  corresponding  quantity  of 
spar  and  acid  afibrds  a  considerable  quantity  of  the  compound. 
Strong  sulphuric  acid  should  be  employed.  The  gas  thus  ob- 
tained contains  a  considerable  quantity  of  fluosilicic  acid. 

722.  In  the  decomposition  of  fluor  spar  by  vitrified  boracic  acid,  Th«ory. 
the  former  and  part  of  the  latter  undergo  an  interchange  of  elements. 

The  fluorine  uniting  with  boron  gives  rise  to  fluoboric  acid  gas ;  and 
by  the  union  of  calcium  and  oxygen,  lime  is  generated,  which  com- 
bines with  boracic  acid,  and  is  left  in  the  retort  as  borate  of  lime. 

723.  Fluoboric  acid  gas  is  colourless,  has  a  penetrating  pungent  Piopeitiat. 
odour,  and  extinguishes  flame  on  the  instant.     It  reddens  litmus 

paper  as  powerfully  as  sulphuric  acid,  and  forms  salts  with  alkalies 
which  are  called  fluoborates.  It  has  a  singularly  great  afilinity  for 
water.  When  mixed  with  air  or  any  gas  which  contains  watery  va- 
pour, a  dense  white  cloud,  a  combination  of  water  and  fluoboric  acid, 
appears,  thus  aflbrdincr  an  extremely  delicate  test  of  the  presence  of 
moisture  in  gases.  Water  acts  powerfully  on  this  gas,  absorbing 
700  times  its  volume,  increasing  in  temperature  and  volume.  The 
solution  is  limpid,  fuming,  and  very  caustic. 

Fluoboric  acid  gas  does  not  act  on  glass,  but  attacks  animal  and 
vegetable  matters  with  energy,  converting  them,  like  sulphuric  acid, 
into  a  carbonaceous  substance. 

*  PhU.  Tran».  1812. 
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Composition. 

Flmn.  Sp,  Gr.         F%u.  '  Si, 

Si4^F,  or  SiPS.  8.6111  56.04     3  eq* +22.5     1  eq.      = 

724.  Is  prepared  by  mixing  one  part  of  pounded  glass  with  an 
equal  weight  of  fluor  spar  and  two  parts  of  sulphuric  acid.  On  ap- 
plying a  gentle  heat  fluosilicic  acid  gas  is  disengaged  with  efierTes- 
cence,  and  may  be  collected  over  mercury. 

725.  The  chemical  changes  are  differently  explained.  Regarding 
fluor  spar  as  a  compound  of  fluoric  acid  and  lime,  the  former  is 
thought  to  unite  with  silicic  acid.  If  fluor  spar  is  regarded  as  a  com- 
pound of  fluorine  and  calcium,  it  is  inferred  that,  by  the  action  of 
sulphuric  acid  on  fluoride  of  calcium,  hydrofluoric  acid  is  generated, 
and  that  the  elements  of  this  acid  react  on  those  of  silicic  acid,  and 
give  rise  to  water  and  fluosilicic  acid  gas :  the  gas  is  therefore  a  flu- 
oride of  silicon. 

726.  It  is  a  colourless  gas,  extinguishing  flame,  powerfully  irritat- 
ing, and  does  not  corrode  dry  glass.  Mixed  with  atmospheric  air  it 
forms  a  white  cloud,  with  its  watery  vapour.     T.  244. 

727.  A  singular  appearance  is  presented  when  the  beak  of  a  re- 
tort, from  which  this  gas  is  escaping,  dips  into  water.  Each  globule 
of  the  gas,  as  it  comes  in  contact  with  the  water,  assumes  the  ap- 
pearance of  a  vesicle,  a  coating  of  silica  being  deposited  on  the 
external  surface  of  the  globule.  Small  tubes  appear  also  at  the 
beak  of  the  retort,  which  is  eventually  plugged  up,  so  that  it  is  ne- 
cessary at  last  to  remove  the  retort  altogether  till  they  are  taken 
away. 
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Section  XIV.     Hydrogen  and  Nitrogen — Ammoniacdl  Gas. 

CompoeitioQ. 

^tmb.  Sp.  6r,  Byd.  NU,  C%em.  EquxD, 

N+3H,  or  NIP    0.5897  Air   %t  3.2050  3  eq.+15.0325  14.15  1  eq.    By  Wght.17.15 

8.75     Hyd.=l  •*  Vol.  200 

728.  This  gas  was  first  noticed  by  Priestley,  under  the  name  of 
alkaline  air  ;  it  is  also  known  as  the  volatile  alkali,  but  more  usually 
by  the  name  ammoniacal  gas  or  ammonia. 

729.  Ammoniacal  gas  is  obtained  from  any  salt  of 
ammonia,  by  the  action  of  a  pure  alkali  or  alkaline 
earth  :  but  hydrochlorate  of  ammonia  and  lime  are 
generally  employed. 

Equal  parte  of  dry  slaked  lime,  each  separately  powdered, 
are  put  into  a  small  glass  retort  or  gas  bottle,  and  upon  the  ap- 
plication of  gentle  heat  the  ammoniacal  gas  is  evoked,  and  is 
to  be  receiyed  oyer  mercury. 

Persons  not  haying  a  mercurial  apparatus  may  receiye  this 
ns  in  a  glass  jar  inyerted  oyer  a  tube  oent  as  in  Fig.  168.  As 
the  gas  is  eyolved  from  the  materials  contained  in  the  gas-bottle^ 
it  rises  into  the  jar  and  displaces  the  atmospheric  air.  When 
the  jar  is  filled  with  ammonia  (which  wiU  be  known  bj  its 
pongent  odour  as  it  escapes  horn  the  neck  of  the  jar)  the  tnbe 
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may  be  eartffally  witbdnwn,  and  a  wall  ground  itopparbe  inaettod  into  the  Beak  Sact.  3gV. 
«ftbejar. 

The  gas  may  also  be  obtained  by  heating  common  liquid  ammo- 
nia (aqua  amroonise)  in  the  same  apparatus. 

790.  Ammonia  is  colourless,  has  a  strong  pungent  odour,  and  acts  Propertiaa. 
powerfully  on  the  eyes  and  nose.  It  is  quite  irrespirable  in  its  pure 
form,  but  when  diluted  with  air,  it  may  be  taken  into  the  lungs  with 
safety.  Burning  bodies  are  extinguished  by  it,  nor  is  the  gas  in- 
flamed by  their  approach.  Ammonia,  however,  is  inflammable  in  a 
low  degree ;  for  when  a  lighted  candle  is  immersed  in  it,  the  flame 
IS  somewhat  enlarged,  and  tinged  of  a  pale  yellow  colour  at  the  mo* 
ment  of  being  extinguished ;  and  a  small  jet  of  the  gas  will  burn  in 
an  atmosphere  of  oxygen.  A  mixture  of  ammoniacai  and  oxygen 
gases  detonates  by  the  electric  spark ;  water  being  formed,  and  ni- 
trogen set  free. 

731.  When  an  electric  current  is  passed  through  a  weak  solution  Aetion  of 
of  ammonia,  it  is  decomposed  by  the  secondary  action,  hydrogen  w^c*"*'*!' 
from  decomposed  water  being  evolved  at  the  negative  electrode,  and 
nitrogen  at  the  positive."^     But  if  a  portion  of  mercury  form  the  ne- 
gative electrode,  no  hydrogen  is  evolved,  and  the  mercury  is  rapidly 
converted  into  a  light  porous  substance,  which  has  the  lustre  and  ail 

the  characters  of  an  amalgam.  As  soon  as  it  is  removed  from  the 
influence  of  the  electric  current,  rapid  decomposition  ensues,  mercury 
is  reproduced,  and  hydrogen  and  ammoniacai  gases  are  evolved  in 
the  ratio  of  one  measure  of  the  former  to  two  of  the  latter,  according 
to  the  observations  of  Gay-Lussac  and  Thenard.  The  production  of 
this  compound  is  explained  by  Berzelius  on  the  supposition  that  am- 
monia, by  uniting  with  an  additional  eq.  of  hydrogen,  forms  a  com- 
pound, which  has  all  the  properties  of  a  metal ;  he,  therefore,  calls 
It  ammonium.  The  oxide  of  ammonium,  the  composition  of  which  Anujaom- 
is  represented  by  the  formula  NH*-)-0,  he  considers  to  be  the  base 
of  the  ammoniacai  salts,     t.  246. 

732.  Ammonkal  gas  at  the  temperature  of  50^  and  under  a  ^ 
pressure  equal  to"  6.5  atmospheres,  becomes  a  transparent  colourless 
liquid. 

•  Ammonia  has  all  the  properties  of  an  alkali  in  a  ^^y  marked  Alkalina. 
manner.     Thus  it  has  an  acrid  taste,  and  gives  a  brown  stain  to  tur- 
meric paper  ;  though  the  yellow  colour  soon  reappears  on  exposure 
to  the  air,  owing  to  the  volatility  of  the  alkali.     It  combines  also  with 
acids,  and  neutralizes  their  properties  completely. 

Its  affinity  for  water  may  be  shown  bjr  filling  a  long  tube  with  the  fas,  and  Affinity  for 
opening  it  under  water ;  the  ammonia  will  be  absorbed  with  great  rapidity,  and  water, 
completely  if  the  gas  is  pure.    According  to  Thomson  water  takes  up  780  times  Exp. 
it>  bulk. 

ItB  alkaline  character  may  ba  shown  by  using,  instead  of  pure  water,  water  Exp. 
coloured  blue  by  litmus  or  cabbage,  or  yollow  by  turmeric. 

A  piece  of  ice  passed  up  the  tubs  standing  oyer  mercury,  is  rapidly  Ikjoefied  gxp. 
and  the  gas  absorbed  .t 

733.  None  of  the  ammoniacai  salts  can  sustain  a  red  heat  without  Efict  of 
being  dissipated  in  vapour  or  decomposed,  a  character  which  arises  ***• 

♦FVuTiday,  Pha.  Trant.  1834. 

t  A  Vessel  of  water  or  mercury  should  be  at  hand  to  supply  the  loss  in  the  dish  in 
which  the  tube  is  placed  and  preyent  the  entraace  of  air. 
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from  the  yolaUle  nature  of  tbe  alkali.  If  combined  with  a  volatile 
acid,  such  as  the  hydrochloric,  the  compound  itself  sublimes  un- 
changed by  heat. 

734.  Hydrogen  and  nitrogen  gases  do  not  unite  directly,  but  the 
composition  of  ammoniacal  gas  has  been  determined  by  analysis 
with  electricity,  and  by  passing  it  through  red-hot  tubes.  If  passed 
over  a  coil  of  iron  or  copper  wire  in  a  red-hot  porcelain  tube,  the 
metals  become  brittle,  but  their  weight  is  not  altered.  The  expan- 
sion which  the  gas  suffers  in  being  thus  resolved  into  its  constituents, 
is  a  singular  instance  of  change  of  properties  in  consequence  of  che- 
mical combination.  The  bladder  fl,  (Fig.  169.)  is  filled  with  ammo- 
nia, which  may  be  fis-i»- 
passed  through  the  . 
tube  b,  in  the  furnace          fd)  ^  f       nr-j- —     -h, 

c,  the  hydrogen  and    r— lyffll '  ti  ^   /S^   ^ 

nitrogen  may  be  col- 
lected in  d, 

736.  Ammonia  is  decomposed  by  chlorine,  hydrochloric  acid  is 
formed  by  the  union  of  the  cnlorine  with  its  hydrogen,  and  if  an  ex- 
cess of  the  gas  is  present,  hydrochlorate  of  ammonia  is  obtained. 

When  the  two  gases  are  suddenly  mixed  they  act  upon  each  other 

so  powerfully  as  sometimes  to  produce  detonation. 

Invert  a  mntrass  with  a  conical  neck  and  wide  mouth,  over  another  Fif^jTO. 
with  a  taper  neck  containinc  a  mixture  of  sal  ammoniac  and  lime,  heat» 
ed  by  a  lamp.  As  soon  as  the  upper  yessel  seems  to  be  full  of  ammonia, 
bj  tne  oyernow  of  the  pungent  gas,  it  is  to  be  cautiouslj  lifted  qp,  and 
inserted,  in  a  perpendicular  direction,  into  a  wide  mouthed  class  decan- 
ter, or  flask,  nlled  with  chlorine.  On  seising  the  yessels  thus  joined, 
with  tbe  two  hands,  oovered  with  gloyes,  ana  suddenly^  inyerting  them 
like  .a  sand-^lass,  the  heayy  chlorine  and  light  ammonia,  rushing  ii|  op- 
posite directions,  unite,  with  the  eyolution  of  flame. 

736.  Aipn>onia  is  readily  recognised  by  its  odour,  and  by 
the  white  fumes  which  are  given  oQ*  when  a  rod  dipped  in 
hydrochloric  acid  is  brought  in  contact  with  it. 

This  w'lji  be  evident  if  we  moisten  the  inside  of  a  glass  jar  with 
hydrochloric  acid,  and  pass  into  it  a  small  quantity  of  ammonia; 
dense  clouds  of  hydrochlorate  of  ammonia  will  immediately  form.   . 

737.  The  u&ual  state  in  which  ammonia  is  employed  is  in  solu- 
tion, both  jp  chemistry  and  medicine.  This  solution  bears  the  name 
of  Aqu(t  J^mmwiia  in  the  PharmacopiBia,  It  may  be  obtained  by 
passing  the  gas  into  water  in  a  proper  apparatus,  (Fig,  171,)  or  by 
distilling  over  the  water  pig.  171. 

and  g^s  together. 

The  following  process, 

recommended  by  Phil- 

lips,  answers  well. 

On  9  ounces  of  we)!  burn? 
ed  lime  pour  half  a  pint  of 
water,  and  when  it  has  re> 
mained  in  a  well  closed  yes- 
sel for  about  an  hour,  add  12 
ounces  of  hydrochlorate  of 
ammonia  in  powder  and  three  pints  and  a  half  of  boiling  water;  when  the  ou- 
ture  has  cooled,  pour  olf  the  clear  portion,  and  distil  from  a  retort  20  fluid  ounces. 
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The  fp.  cr.  of  this  lolution,  which  is  ■uffidently  stioog  for  moit  piwpoMt,  \a  8«et.  XV. 
0.9547  

738.  Liquid  ammonia  shoald  bo  preserved  in  weU*stopp«d  glass  Howinw 
boulesy  since  it  loses  ammonia  and  absorbs  carbonic  acid,  when  ex**  *^>^^* 
posed  to  air ;  when  heated  to  about  140^,  ammonia  is  rapidly  given 
off  by  it.  When  concentrated  it  requires  to  be  cooled  to  •-^40   before 
it  congeals,  and  then  it  is  opparently  inodorous,! 


Sbction  XV.     Compounds  of  Hydrogen  and  Carbon, 

739«  Two  compounds  of  hydrogen  and  carbon  have  long  been  Com- 
known,  and  late  researches  have  brought  to  light  others  of  much  in*  ^Sromn 
terest.     They  are  remarkable  for  their  number ;  for  supplying  some  and  cvbon. 
instructive  instances  of  isomerism ;  for  their  tendency  to  unite  with 
and  even  neutralize  powerful  acids,  without,  in  their  uncombined 
state,  manifesting  any  ordinary  signs  of  alkalinity. 

740.  Several  of  them  are  particularly  distinguished  by  their  che-  Dittin*    • 
inical  affinities ;  for  although  compound,  they  exhibit  in  their  com-  f^'^^^^y 
binations  with  other  substances,  the  characteristks  of  an  element. 

They  have  hence  been  called  compound  radicals.  In  organic  che- 
mistry they  hold  a  place  as  the  roots  or  radicals  of  the  various 
organic  prodncts,  and  in  inorganic  chemistry  as  compounds  formed 
by  the  direct  union  of  two  elements.^    T. 

Light  Carburetted  HydrogeTu 

Composition. 

Fbntu  Sp^Gr.  HytL        €arb.       Eguiv.       Eg.VoL 

H9C  0.5693  Air     :=  1  S     4-      6.1S    s=    8.1^  100 

8.13     Hyd.  s:  1 

741.  This  gas  is  sometimes  called  heavy  infarKmabU  air,  the  in' 
Jlammable  air  of  marshes,  and  hydrocarburet.  It  is  generally  termed 
light  carbu retted  hydrogen. 

It  may  be  collected,  mixed  however  with  carbonic  acid  and  nitro-  Collected, 
gen  gases,  by  stirring  the  bottom  of  almost  any  stagnant  pool  of 
water,  especially  if  formed  of  clay.     It  should  be  washed,  when  col- 
lected, with  lime  water  or  liquid  potassa,  to  remove  the  carbonic 


♦  Or  two  parts  of  lime  and  three  of  sal  ammoniac  may  be  mix-  ^^'  ^^* 

ed,  after  the  former  has  been  slaked  with  a  half  of  its  weight  of  ^"^^ 
water  and  allowed  to  cool ;  they  shoald  both  be  in  fine  powder, 
and  intimately  blended,  taking  care  to  avoid  the  pungent  fumes 
that  are  disengaged.  The  mixture  is  then  pot  into  an  iron  retort 
and  placed  in  a  sand  bath.  (Pig.  173.)  The  beak  of  the  retort  is 
then  luted  to  a  quilled  globe,  making  the  joining  tight  with  plas- 
ter-of-poris ;  water,  equal  in  weight  to  |  of  tne  fdit  used,  is 
pot  into  a  bottle  or  receiver.  The  tube  from  the  globe  should 
reach  to  the  bottom  of  the  bottle,  which  should  pot  m  more  than 
half  full,  when  the  proper  quantity  of  water  hss  been  put  in. 
The  use  of  the  glass  glooe  is  to  allow  air  to  pass  into  the  retort 
as  the  apparatus  becomes  cold,  and  prevest  any  of  the  water  of 
anunoniafrom  being  carried  along  with  it;  for  when  the  gas  ceases  to  come  and  all 
the  iiqoid  in  the  bottle  has  been  forced  into  the  globe  by  the  pressure  of  the  atmos- 
phere, air  will  enter  by  the  quill  tube  and  pass  through  the  water  to  the  retort. 

t  For  a  table  of  the  quantity  of  ammonia  in  solutions,  see  Davy's  EltmtnU, 

t  Those,  which  from  their  atomic  constitution ,  or  from  being  the  prodncts  of  the 
organic  kingdom,  belong  to  that  departmeat,  will  be  described  onder  that  diyiaioa. 
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acid,  of  which  it  contains  ^.     This  is    the    only  cooveiiieDt 

method  of  obtaining  it. 

742.  Light  carburetted  hydrogen  is  nearly  inodorous,  and  without 
colour  or  taste.  Water  absorbs  about  ^  of  its  volume.  It  does 
not  support  combustion  or  life,  but  is  highly  inflammable,  burning 
with  a  yellowish  flame. 

743.  Mixed  with  atmospheric  air  it  may  be  kindled  by  a  lighted 
taper,  and  explodes  with  violence,  provided  it  forms  not  less  than 
■^2  of  the  mixture,  and  does  not  exceed  ^.  With  oxygen  gas 
the  detonation  is  louder  and  more  violent ;  but  it  is  necessary  that 
oxygen  should  rather  exceed  the  inflammable  gas  in  volume,  and  yet 
should  not  be  more  than  2j-  times  its  bulk.  For  its  perfect  combus- 
tion more  than  twice  its  volume  of  oxygen  gas  is  required,  of  which 
exactly  two  volumes  are  consumed,  and  carbonic  acid  is  produced, 
equivalent  in  volume  to  the  inflammable  gas. 

744.  One  hundred  measures  of  carbonic  acid  gas,  contain  100  of 
carbon  vapour  and  100  of  oxygen,  just  half  the  oxygen  employed ; 
the  remaining  oxygen  requires  200  measures  of  hydrogen  to  form 
water. 


Hence  at  60®  F.  and  30  inches  barom. — 

100  cubic  inches  of  carbon  vapour  weigh 
200    ««  ««        hydrogen  gas  . 


100 


13.0714  grs. 
4J2734    " 


Action  of 
ehlorine. 


Prasootin 


'  ''        light  carb.bjd.  must  weigh     17.3448    ^ 

being  in  the  ratio  of  2  to  6.12  and  the  sp.  gr.  ought  to  be  0.5593 
which  agrees  nearly  with  experiment.     T. 

745.  Chlorine  and  carburetted  hydrogen  do  not  act  on  each  other 
at  common  temperatures,  when  quite  dry,  even  if  they  are  exposed 
to  the  direct  solar  rays.  If  the  gases  are  moist,  and  the  mixture  is 
kept  in  a  dark  place,  still  no  action  ensues ;  but  if  light  be  admitted 
decomposition  follows.  The  nature  of  the  products  depends  on  the 
proportion  of  the  gases.  If  4  measures  of  chlorine  and  1  of  carbu- 
retted hydrogen  are  present,  carbonic  and  hydrochloric  acid  gases 
win  be  produced.  When  three  measures  of  chlorine  are  present 
carb^ic  oxide  is  formed,  one  half  less  water  being  decom- 
posed,   H. 

74df  The  gaseous  matter  that  often  issues  in  large  quantity  from 

coal  mines,  between  beds  of  coal,  and  collects  in  the  mines  mixed  with  the  at- 
mospheric air,  forms  an  explosive  mixture  that  has  been  the  cause  of  * 
many  fatal  accidents ;  the  flrst  unprotected  light  that  approaches  sets 
fire  to  the  whole  mixture.     The  frequent  loss  of  life  from  the  explo- 

Fire  damp,  sion  of  this  fire  dttmp,  led  Davy  to  the  construction  of  the  safety 
lamp.* 

Davy's  ex-      747.  In  the  course  of  his  experiments  Davy  found  that  the  explo- 

ptiiments.  sive  power  varies  with  the  proportions  of  carburetted  hydrogen  and 
air ;  thus  with  three  or  four  times  its  volume  of  air  there  is  no  ex- 
plosion, with  seven  or  eight  times  its  bulk  of  air  the  explosion  is 
powerful ;  with  fourteen  times  its  volume  it  is  still  explosive,  but 
with  a  larger  quantity  a  taper  burns  in   the  mixture   only  with 

*  For  a  fall  aoeonnt  of  the  elaborate  experimenu,  &c.  on  this  subject,  the  student  is 
referred  to  Davy's  Enay  on  Flamt^  and  the  biographies  of  him  by  Paris  and  Dr 
Davy. 


OhfiiM  Qw. 
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an  enlarged  flame.     He  ako  ascertaiaed  that  the  temperatute  re-   ^B^tx^xw. 

quired  for  explosion  was  very  high ;  and  that  flame  cannot  pass 
through  a  narrow  tube,  or  a  tissue  of  wire-gauze. 

748.  Flame  is  gaseous  matter  heated  so  intensely  as  to  be  luminous,  pj^g^e. 
When  it  comes  in  contact  with  the  sides  of  minute  apertures,  as  when 
wire^uze  is  held  upon  a  burning  jet  of  coal  gas,  or  the  flame  of  a 
spirit  lamp,  it  is  deprived  of  so  much  heat  that  its  temperature  in- 
stantly falls  below  the  degree  at  which  gaseous  matter  is  luminous, 
thougli  the  gas  itself  passes  freely  through  the  interstices  and  is 
still  very  hot. 

^  This  will  be  seea  on  briDgizic  a  Fig.  173.  Exp. 

Siece  of  wire-gauze  down  upon  tne 
ftme ;  as  at  a,  (Fig.  173,)  the  gas 
will  be  foand  to  paaa  through  and 
may  be  ignited  aboYe  the  gauze  aa 
atB. 

749.  If  the  flame  of  a  com-  .  ^  11        Theoij  of 
mon  lamp  be  everywhere  pro-                   "^  blSi     ^'^ 
perly  surrounded  with  a  wire-  ^' 
gauze,  and  in  that  state  immersed  into  an  explosive  gaseous  mixture, 

it  will  be  inadequate  to  its  inflammation,  that  part  only  being  burned 
which  is  wUhin  the  ca^e,  communication  to  the  inflammable  air 
without  being  prevented  hy  the  cooling  power  of  the  metallic  tissue ; 
80  that  by  such  a  lamp  the  explosive  mixture  will  be  coosumed» 
but  not  exploded.  Fig.  174. 

Figi  174  it  a  representation  of  the  safety  lamp,    a  is  a  cylinder  of 

wire-gauze,  with  a  doable  top,  securely  and  carefully  fastened,  by 

doubhog  over  to  the  brass  rim  o,  which  screws  on  the  lamp  c.    The 

whole  is  protected  and  rendered  convenient  for  carrying,  by  the 

frame  and  riog  d,  if  the  cylinder  be  of  twilled  wire-gauze,  the  wire 

should  be  at  least  of  the  tnickness  of  one  fortieth  of  an  inch,  and  of 

iron  or  copper,  and  30  in  the  warp,  and  16  or  16  in 
the  weft.  If  of  plain  wire-gauze,  the  wire  should 
not  be  less  than  ooe  sixtieth  of  an  inch  in  thick- 
ness, and  from  28  to  30  both  warp  and  woof.* 

The  operation  of  this  lamp  may  be  shown  on     fS- — r^*  Dlostrated. 
a  small  scale,  by  suspending  it  in  an  inverted  glass 
jar,  and  then  admitting  a  sufficient  stream  of  coal 
gas  from  a  gas-holder  by  a  tube  enterinff  below,  (Fig.  175,)  to 
render  the  enclosed  atmosphere    explosive.     The  flame  of 
the  lamp  first  enlarges,  and  is  then  extinguished,  the  whole  of 
the  cage  being  filled  with  a  lambent  blue  light  ;t  on  turning  off 
the  supply  of  the  eas  this  appearance  gradually  ceases,  and  the 
wick  Decomes  rekindled,  when  the  atmosphere  returns  to  its 


natural  state.t 


Olefiant  Gas. 


Equiv.    Eq.Vol. 
=  14.24      100 


Fbrifi.    ^^  ^f.  Or.  Hyd»         Coro. 

3H+2C,  or  HK2<.         0  9808  Air    =1        2     +     12.24     2  eq. 

14.24     Hyd.  =  1 

750.  This  gas  was  discovered  in  1796,  by  some  associated  Dutch  Olefiant 
chemists,  and  was  termed  by  them  olefiant  gas,  from  its  property  of  ^"* 

*  To  iacrease  the  safety  of  the  lamp  when  exposed  to  a  strong  current  of  an  explo- 
sive  atmosphere,  the  addition  of  a  glass  cyhnaer  and  allowing  the  air  to  enter  only 
through  fine  apertures  below,  has  lately  been  resorted  to  with-  success. 

tThe  platinum  coil  within  will  continue  red-hot.  (257). 

t  The  explosion  may  be  safely  exhibited,  previously,  by  suspending  the  lamp  with- 
out  the  wire-gauze  cylmder  from  a  piece  of  pasteboard  eovertog  the  jar,  and  admitting 
eoal  or  oil  gM.    W.  , 
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Hydrogen  tmd.  Sulphur* 


How  ob- 
tained. 

Process. 


Properties. 


Chap.  HI.  formiog  an  oily  looking  liquid  with  chlorine.    It  has  been  called  by 
Thomson  hydroguret  of  carbon. 

751.  It  is  usually  obtained  by  the  decomposition  of  alcohol  by 
sulphuric  acid. 

For  this  parpose  fovLt  parts  of  the  acid  and  l^e  of  silcohol  are  put  into  a  capa- 
cious retort,  and  heated  br  a  lamp.  The  aoid  soon  acts  upon  the  alcohol, 
efferrescence  ensues  and  ofefiant  gas  passes  over.  The  retort  should  not  be 
more  than  one  third  full,  and  the  acid  and  alcohol  should  be  shaken  together 
before  the  heat  is  applied. 

A  little  ether  is  formed  ^t  first,  the  solution  becomes  dark,  sulphu- 
rous acid  and  carbonic  oxide  are  formed,  and  carbon  deposited.^ 

752.  This  gas  is  colourless  and  inodorous.  Water  absorbs  about 
^  of  its  volume.  It  extinguishes  flame,  and  does  not  support  life. 
It  is  inflammable,  burning  with  a  bright  yellowish  white  flame* 
When  mingted  with  oxygen  gas,  it  explodes  with  great  violence. 
One  part  by  volume  requires,  for  perfect  combustion,  three  of  oxygen ; 
and  two  of  carbonic  acid  are  produced.  100  cubic  inches  weigh 
30.4162  by  calculation,  and  its  sp.  gr.  is  as  stated.t 

Oleiiant  gas  is  decomposed  by  electricity,  and  by  transmission 
through  red-hot  tubes. 

753.  When  this  gas  is  mixed  with  chlorine,  in  the  proportion  of  1 
to  2  by  vol.  the  mixture,  on  inflammation,  prodnces  hydrochloric  acid, 
and  charcoal  is  abundantly  deposited. 

If  the  gases  be  well  mixed,  and  then  inflamed  ill  a  tSiI!  and  narrow  glass  jar, 
(about  two  feet  high  and  four  inches  in  diameter),  placed  with  its  month  up> 
wards,  the  experiment  is  very  striking;  a  deep  flame  gradually  descends  through 
the  mixture,  and  a  dense  black  cloud  of  carbon  rises  into  the  atmosphere ;  fumes 
of  hydrochloric  acid  are  at  the  same  time  formed,  and  a  peculiar  aromatic  odour 
is  evolved. 

If  instead  of  inflaming  the  gases,  the  jar  be  inverted  in  a  basin  ef  water,  or  if 
they  be  mixed  in  a  dean  and  dry  glass  globe  exhausted  of  air,  they  act  slowly 
upon  each  other,  and  a  peculiar  fluid  is  formed,  which  appears  Uke  a  heavy  oil ; 
hence  the  name^  o/^/ioiit  ga9.    B.  1.  321. 
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Section   XVT.    "Compeunis  of  Hydrogen  and  Svlphur. 
Hydrosulpkwric  Acid-^Stdphuretted  Hydrogen. 


Composition. 

Hyd.  Sul. 

I      +      16.1 


Equip,       Eq.  Vol. 
17.1  100 


Hydrosul- 

phuric 

acid. 


Fbmu       Sp,  Gr. 
HS  1.1782  Air     cs  1 

17.10     ilyd.  =  1 

754.  This  gaseous  compound  of  sulphur  and  hydrogen  was  first 
investigated  by  Scheele  in  1777.  It  may  be  obtained  by  presenting 
sulphur  to  nascent  hydrogeo,  which  is  the  case  when  protosulphuret 
of  iron  is  acted  upon  by  dilute  sulphuric  acid. 

The  sulphuret  of  iron  may  be  prepared  by  heating  a  bar  of  iron  to  a  white  or 
weldins  heat,  and,  in  this  state,  rubbing  it  with  a  roll  of  sulphur.  The  metal 
and  sulphur  unite,  and  form  a  liquid  compound,  which  falls  down  in  drops. t 
These  soon  congeal ;  and  the  compound  must  be  preserved  in  a  well  closed  phial. 
Or  a  mixture  of  two  parts  of  iron  filings  and  rather  more  than  one  part  of  sulphur, 
may  be  heated  to  reaness  in  a  covered  crucible.§     A  portion  of  this  may  be  in 

*Tbe  changes  are  complicated ;  for  the  theory,  see  Aleokot. 

t  Its  density  by  experiment  is  0.97.    (Thomson.) 

t  They  shoald  be  received  in  an  iron  basin  flUed  with  water. 

f  Tlie  gas  which  this  affi>rda  is  mixed  with  a  good  deal  of  hydrogen  gas. 
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tvodueed  into  a  retort  or  ^  boftl^  and  diluted  folphario  acid  poured  upon  it,  as  Beet  XVI. 

in  the  process  for  obtaipinff  |iydrogen  gaa  (378).    It  may  also  be  conTenientlT 

obtained  from  braised  sesquisalphuret  of  antimony  (erode  antimony  of  the  shops) 
with  five  or  six  times  its  weight  of  hydrochloric  acid  (sp.gr.  1.160  or  thereabouts) 
opntained  in  a  retorl  or  gas  bottle,  and  heated  by  a  lamp. 

755.  In  the  first  process  the  sulphuret  and  water  interchange  ele-  Theories, 
ments,  hydrosulphuric  acid  and  protoxide  of  iron  are  generated ;  the 

latter  unites  with  sulphuric  acid  and  the  former  escapes, 
|n  the  process  with  antimony  the  elements  concerned  are — 

1  eq.  sesquisalphuret  and  3  eq.  hyldrochloric  acid 
2Sb+3S  3(H+C1) 

which  yield 

3  eq.  hydro«4phurio  acid  voA  1  eq.  sesquichloride  of  antimony 
3(H+S)  2Sb+3Cl 

756.  Th^  gaa  may  be  coUeoted  over  water,  though,  by  agitation,  Absorbed 
that  fluid  ab9orbs  nearly  thrice  its  bulk ;  it  sl^ould  be  received  into  ^  ^^^^'' 
bottles  provided  with  glass  stoppers,  and  after  filling  them  entirely 

with  the  gas,  the  stopper  should  be  introduced. 

757.  Faraday  obtained  it  in  a  liquid  form  by  producing  it  under  Liqae&e- 
pressure.     It  was  colourless,  limpid,  and  with  a  refractive  power  t*jno^«a^- 
greater  than  that  of  water.     The  pressure  of  its  vapour  was  nearly  uj^^m. 
equal  to  17  atmospheres  at  the  temperature  of  50°  F.    Its  specific 
gravity  appeared  to  be  O.d. 

75s.  When  in  the  forrp  of  gas,  the  smell  is  extremely  offensive,  Properties, 
resembling  that  of  putrefying  eggs,  or  of  the  washings  of  a  gun- 
barrel,  to  which  indeed  it  imparts  their  offensive  odour.    It  exists  in 
some  mineral  waters.  '  . 

759.  It  appears  to  be  one  of  the  most  unrespirable  of  all  the  gases,  Unrespira^ 
for  a  small  bird  died  Immediately  in  a|r  containing  ^  5^^  of  its  vo*  ^^^' 
lunie  of  hydrosulphuric  acid  gas ;  a  dog  perished  in  air  mingled  with 

•^^,  and  a  horse  in  air  containing  ^Xjs*^ 

760.  It  tarnishes  silver,  mercury,  and  other  polished  metals,  and  Action  on 
instantly  blackens  white  paint  and  solution  of  acetate  of  lead.     By  metals, 
direct  experiments,  Henry  has  found  that  one  measure  of  this  gas, 
mixed  with  20.000  measures  of  hydrogen,  or  of  carburetted  hydro- 
gen, or  common  air,  produces  a  sensible  discoloration  of  white  lead, 

or  of  oxide  of  bismuth,  mixed  with  water,  and  spread  upon  a  piece  of 
card. 

761.  It  is  inflammable,  burning  with  a  pale  blue  flame,  but  does  joflamma- 
not  support  the  combustion  of  other  bodies.     Water  and  sulphurous  ble. 
acid  are  the  products  of  its  combustion,  and  sulphur  is  deposited. 

763.  Hydrosulphuric  acid  contains  its  own  vol.  of  hydrogen  gas,  Composi- 
and  16.66  of  the  vapour  of  sulphur ;  and  since  tion. 

16.66  cub.  inches  of  the  vapour  of  sulphur  weigh  .    34.4012  grs. 

100    M        ^        hydrogen  gas  ««  2.1367 

100   *^       "         hydrosulphuric  acid  gas  must  weigh     .    36.^79   T. 

763.  The  salts  of  hydrosulphuric  acid  are  called  kydrosulphates  or  S^Itt  of. 
hydrandphurets.    They  are  decomposed  by  sulphuric  or  hydrochlo- 
ric acids.  This  acid  rarely  unites  directly  with  metallic  oxides ;  but  in 
most  cases  its  hydrogen  combines  with  the  oxygen  of  the  oxide,  and 
its  sulpimr  with  the  metal. 

*Thsaard,  iii.  601. 
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Ch>p>m.      764.  HydTosulphoric  acid,  both  in  the  state  of  a  gas  and  of  watery 
Use.  solution,  precipitates  most  metallic  solutions,  and  is  hence  an  ex- 

ceedingly delicate  test  of  the  presence  of  most  of  the  metals. 
Solution         Water  impregnated  with  this  gas,  when  exposed  to  the  atmos- 
doeompo-    phere,  becomes  covered  with  a  pellicle  of  sulphur.     Sulphur  is  even 
'^*  deposited  when  the  water  is  kept  in  well  closed  bottles. 

Chlorine,  iodine  and  bromine  decompose  it  with  separation  of  sul- 
phur, and  an  atmosphere  charged  with  the  gas  may  be  speedily  pu- 
rified by  chlorine. 

Persttlpkuret  of  Hydrogen. 

CooipontiQii. 

JF\frm.  Hydr,  Sidjph.  Equw. 

HS>  1  I  eq.      +     32.2       2  eq.        rs        33.2 

765.  l^his  compound  was  discovered  by  Scheele  and  described  by 
Berthollet.^  When  protosulpburet  of  potassium  (or  of  any  metal 
of  the  alkalies  and  alkaline  earths)  is  mixed  in  solution  with,  sul- 
phuric acid,  the  oxygen  of  water  unites  with  potassium  and  its  hy- 
drogen with  sulphur.t 

766.  Persalphuret  of  hydrogen  is  conveniently  made  by  boiling  equal  porti 
Procetf.      of  recently  slalced  lime  and  flowers  of  sulphur  with  5  or  6  parts  of  water  for 

half  an  hour,  when  a  deep  orange-yellow  solution  is  formed,  which  contains 
persulphuret  of  calcium.  Let  this  liquid  be  filtered,  and  gradually  added  cold 
to  an  excess  of  hydrochloric  acid  diluted  witb  about  twice  its  weight  of  water, 
stirring  it  briskly.  A  copious  deposit  of  sulphur  fiiUs  (the  Sulphur  Prmeijriiatum 
of  the  Land.  Pnarmaeap.)  and  persulphuret  of  hydrogen  gradually  subsides  in 
the  form  of  a  yellowish  semi-fluid  matter  like  oil. 

Theory.  ^^''*  '^^^  change  which  ensues  in  the  formation  of  the  yellow  so- 

lution may  be  theoretically  represented  thus  : — 

2  eq.  lime  and  6  eq.  sulph.  3  t  cq>  hyposulphs.  acid  and  2  eq.  bisolphnret  of  caldom. 
2(Ca+0)  6S       .^         2S+20  2(Ca4-28). 

The  hyposulphurous  acid  exists  in  solution  united  with  lime,  and  is 
decomposed  when  hydrochloric  acid  is  added,  resolving  itself  into 
sulphurous  acid  and  sulphur. 

Properties.  '^^^'  ^^  common  temperatures  it  is  a  viscid  liquid  of  a  yellow 
colour,  with  a  density  of  about  1.769,  and  a  consistence  varying  be- 
tween that  of  a  volatile  and  fixed  oil.  It  has  the  peculiar  odour 
and  taste  of  hydrosulphuric  acid,  though  in  a  less  degree.  Its  ele- 
ments are  so  feebly  united,  that  in  the  cold  it  gradually  resolves  it- 
self into  sulphur  and  hydrosulphuric  acid,  and  suffers  the  same 
change  instantly  by  a  heat  considerably  short  of  212**  F.  Decom- 
position is  also  produced  by  the  contact  of  most  substances,  especial- 
ly of  metals  and  oxides. 

769.  The  composition  of  persulphuret  of  hydrogen  has  been  va- 

Son?'"*'  riously  stated.  According  to  Dalton  it  is  a  bisulphuret.  But  The- 
nard  found  its  constituents  to  vary ;  whence  it  is  probable  that  hy- 
drogen is  capable  of  uniting  with  sulphur  in  several  proportions.  It 
is  sometimes  regarded  as  an  acid. 

*  Ann.  de  OUm,  zxr.         t  See  Turner,  254. 
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Section  XVII.     Hydrogen  and  Selenium.  — ' ■' 

Seleniuretted  Hydrogen, 

770.  These  bodies  combine  to  form  a  g^aseous  compound  termed  Seleniaret- 
seleniuretted  hydrogen  or  hydroselenic  acid.  It  may  be  obtained  by  *«*  hydrog. 
dissolving  protoseleniuret  of  iron  in  hydrochloric  acid. 

771.  It  is  a  colourless  gas,  highly  irritating  to  the  lining  mem-  Propertiet. 
brane  of  the  nose,  and  for  a  time  destroying  the  power  of  smelling. 

Its  solution  smelis  and  tastes  somewhat  like  hydrosulphuric  acid  ;  it 
reddens  litmus  and  tinges  the  skin  brown.  It  is  decomposed  by  the 
air,  nitric  acid  and  chlorine,  and  selenium  is  deposited.  It  occa- 
sions precipitates  in  solutions  of  neutral  metallic  salts,  which  are 
black  or  dark  brown,  with  the  exception  of  those  from  zinc,  manga- 
nese and  cerium,  which  nre  flesh-coloured. 

772.  Seleniuretted  hydrogen  is  easily  decomposed  by  the  anion  ^»mpo- 
of  air  and  water  ;  it  is  absorbed  by  moist  substances  and  communi- 
cates to  them  a  red  colour.     The  selenium  is  thus  remarkably  de- 
posited throughout  the  texture  of  organic  bodies.     A  piece  of  moist 

paper  is  penetrated  by  the  red  colour.     Moi«t  wood  and  even  a  thin 
piece  of  caoutchouc  became  in  the  same  way  red  throughout.    B.  292. 
Hydroselenic  acid  consists  of  39.6  or  1  eq.  of  selenium  and  I  of 
hydrogen  ;  its  equiv.  is  40.6  and  its  formula  H-)-Se  or  HSe. 


Section  XVIII.     Compounds  of  Hydrogen  and  Phosphorus. 

773.  The  two  compounds  of  hydrogen  and  phosphorus  which'^J^^J^" 
have  heretofore  been  known  as  phosphurette^  and  perphosphu retted 
hydrogen,  have  been  found  by  Rose  to  be  isomeric,  identical  in  com- 
position, and  10  differ  only  by  the  one  being  spontaneously  inflam- 
mable and  the  other  not  so.   Leverrier*  has  proved  that  perphosphu- 

retted  hydrogen  is  a  mixture  of  phosphuretted  hydrogen  with  about 

-^  of  its  volume  of  a  spontaneously  inflammable  compound  of  31.4  ^^  ^^ 

parts  or  2  eq.  of  phosphorus,  and  2  parts  or  2  eq.  of  hydrogen.     In  ^yd.  ^^' 

the  same  paper  he  establishes  the  existence   of  a  solid  compound  of 

2  eq.  of  phosphorus  and  1  eq.  of  hydrogen.     The  latter  is  deposited 

on  the  sidea  of  -the  glass  vessel  when  moist  nbosphu retted  hydrogen 

gas,  recently  prepared,  is  exposed  to  strong  light. 

Phosphuretted  Hydrogen. 

Sytnb.  Density.  Ekpdv.  Eq.  Fo/. 

SP+3HorP>H>  1.1860  34.4  2U0 

774.  Phosphuretted  hydrogen  was  discovered  by  Davy  in  1812,  DjgcoTery 
by    heating    hydrated    phosphorous   acid    in    ji  retort ;     and   it  &c. 

18  evolved  from  hydrous  hypophosphorous  acid  by  similar  treat- 
ment. It  is  also  formed,  according  to  Dumas,  by  the  action  of 
strong  hydr4)chloric  acid  on  phosphuret  of  calcium. 

775.  It  may  also  be  obtained,  in  an  impure  state,  by  boiling  phos-  p^^^ 
phorus  with  a  solution  of  potassa,  or  milk  of  lime.     Water  is  de- 
composed, the  oxygen  and  hydrogen  of  which  unite  with  diflerent 
portions  of  phosphorus,  and  phosphoric  acid,  hypophosphorous  acid, 

and  phosphuretted  hydrogen  are  generated. 

*  Sec  the  papers  of  Damas,  Buff,  Rom,  and  Graham,  in  An*  ds  Ck.  et  de  Phut, 
sxn.  ua,  xli.  280,  and  xli.  6,  PkiL  Mag.  v.  401. 
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otop-ni.  776.  When  the  gas  is  obtained  pure  from  hydrated  phosphorous  or 
Explodftt  hypophospborous  acids,  it  may  be  mixed  with  air  or  oxygen  gas  at 
with  air,  common  temperatures  without  danger ;  but  the  mixture  detonates 
***  with  the  electric  spark  or  at  a  temperature  of  300".    Even  dimin- 

ished pressure  causes  an  explosion,  an  efiect  which  in  operating 
with  the  mercurial  trough  is  produced  simply  by  raising  the  tube,  so 
that  the  level  of  the  mercury  within  may  be  a  few  inches  higher 
than  at  the  outside. 
Process.  '^^'^*  ^^  preparing  the  gas  from  phosphorus  and  solution  of  po- 

tassa  in  a  glass  retort,  the  atmospheric  air  should  be  removed^  other- 
wise explosion  may  occur. 

A  retort  holding  a  pint  may  be  employed.  About  a  quarter  of  an  ounce  of 
phosphorus  may  to  placed  in  the  retort  and  a  moderately  strong  solution  of  potas* 
sa  poured  upon  it  until  the  neck  and  body  of  Fig,  176. 

the  retort  are  completely  filled.  The  finger 
being  placed  over  tne  beak  it  is  next  immersed 
under  the  surfiice  of  a  portion  of  the  same  so- 
lution, contained  in  a  glass  dish  or  a  small 
pneumatic  trough,  and  the  finger  is  then 
removed.  The  retort  may  be  attached  to  a 
block  of  wood  or  supported  securely  upon  the 
rings  of  a  retoit  stand.    (Fig.  176.)    The  su- 

Eerfiuous  solution  may  then  be  rembyed  by  passing  up  hydinogen  sas.*    The 
eat  of  a  lamp  is  carefully  applied  and  soon  after  the  solution  bous,  the  gas 
is  evolved  in  abundance,  and  inflames  on  escaping  into  the  air. 

Another.  Forty  grains  of  phosphorus,  fifty  of  caustio  potassa,  and  sixty 
drops  of  water,  give  this  gas  very  readily  when  gently  heated  in  a 
small  retort,  (capable  of  holding  an  ounce  and  a  half  or  two  ounces 
when  quite  full,)  and  with  very  little  trouble. 

The  readiest  mode  of  procuring  this  gas  i^  by  mi?ans  of  phosphu- 
ret  of  calcium  ;t  lumps  of  which  may  be  dropped  into  w^ter  acid- 
ulated with  hydrochloric  acid.  The  retort  or  gas  bottle  may  be 
placed  wholly  beneath  the  water  in  the  pneumatic  trough,  and  the 
combustion  of  the  bubbles  of  gas  will  take  place  at  the  surface. 

PMptrtias.  778.  iTfiis  gas  is  colourless,  has  a  nauseous  odour  like  onions,  a 
very  bitter  taste,  and  inflames  when  mixed  with  air,  a  property 

*  This  miV  be  done  firom  a  gas  bottle  having  a  long  and  sleAder  leaden  pipe  at- 
tached to  it,  Vr  by  a  pipe  and  flexible  tube  proceeding  from  the  sppantns  (Fig.  180.) 
It  will  be  fonnd  necessary  after  aU  the  soliition  has  neen  expelled  from  the  neck  to 
incline  the  body  of  the  retort  so  as  to  allow  a  pan  of  what  remains  in  the  body  to 
flow  into  it,  which  is  to  be  expelled  as  at  first. 

A  very  simple  method  of  avoiding  all  danger,  is  to  moisten  the  interior  of  the  re- 
tort with  ether. 

Mitchdi't  ^  '^^  following  method  of  obtaining  this  oompnand  has  been  described  by  Mitchell.* 

iMihoa  of  pra-  I  employ  two  Hessian  crucibles,  some  of  the  inne)r  members  of  a  nest.  The  larger  of 
v^^^*^..  the  two  nas  a  bole  bored  through  iu  bottom,  and  a  test  tube  of  a  suitable  size  luted 
gmNioc  «ai«i.  jjj  ^-^jj  ^jjy  jjj^  phosphorus  is  put  into  the  test  tube ;  the  top  of  which  is  loosely 
covered  with  a  piece  of  broken  cruohle  to  prevent  the  pieces  of  quicklime  from  mnning 
down  into  it.  The  lime  is  then  pot  in  so  as  to  fill  this  crucible  and  partly  fill  the  upper 
one,  which  serves  as  a  cover  to  it.  and  is  luted  on  with  some  fine  clay  a  little  moisten- 
ed. The  cover  has  also  a  snudl  bole  in  its  top  tn  afford  an  outlet  for  the  air,  &c.  The 
whole  is  placed  upon  the  grate  of  a  furnace,  with  the  test  tube  projection  through  it 
below,  and  a  charcoal  fire  is  kindled  around  it.  The  phosphorus  may  be  iept  cool,  if 
necessary,  by  makini^  the  tube  dip  into  Water  containea  in  a  tin  cup  attached  to 
the  end  of  a  stick.  When  the  crucibles  and  contents  are  thoroughly  red-hot,  a  chafing 
dish  is  substituted  for  tbe  tin  cup,  and  the  phosphorus  rising  in  vapour  produces  the 
desired  change.    The  pbosphuret  should  be  preserved  in  a  teaied  pnial. 

*  MUcheU  in  Jimtr,  Jour.  zrli.  349. 


whioh  it  bses  by  bein^  kept  over  water ;  wmter  takee  up  two  per  aw^-xix. 
cent,  of  the  gas,  and  acqaires  a  bitter  taste  and  the  smell  of  onions. 

779.  If  the  beak  of  the  retort  (776)  is  planged  upder  water,  the  Rwgpu 
suceesstve  babbles  of  gas  as  they  escape,  burst  into  flame  and  form 
rings  of  dense  white  smoke  which  enlarge  as  they  ascend,  retaining 
their  shape  if  the  air  is  tranquil.     The  wreaths  are  formed  of  meta- 
phosphoric  acid  and  water. 

789.  When  babbles  of  phosphuretted  hydrogen  are  let  up  into  a  Combofl- 

jar  of  oxygen,  they  burn  with  greatly  increased  splendour.  yReo?  ^^ 

Ther  flfaoald  be  received  in  a  laige  jar,  bat  baif  filled  with  ozysen,  and  care  Exp. 
must  be  taken  not  to  allow  them  to  accumulate  in  the  jar.    Toe  safest  me- 
thod is  to  collect  a  few  babbles  in  a  small  phial  and  pass  them  up  from  that  into 
the  large  jar,  a  bubble  at  a  time.    Similar  experiments  may  be  made  with  chlo- 
rine. 

781.  One  hundred  measures  of  phosphuretted  hydrogen  gas  con-  Composi- 
tain  150  of  hydrogen  and  25  of  vapour  of  phosphorus,  hence  as  tion%nd 

i50  cob.  inches  of  hydrogen  gas  weigh  ....        3iM)60  grs. 
29    ••        '«    pho^horus  vapour  33.5461   «' 

]00    **        ''    phosphuretted  hydrogen  gas  should  weigh    36.7511   '* 

and  its  calculated  density  should  be  1.1850,  which  is  nearly  a  mean 
of  the  observations  of  pumas  and  Rose. 

782.  According  to  Leverrier,  it  is  probable  that  the  compound  of  yiS^**^ 
phosphorus  and  hydrogen  composed  of  two  equiv.  of  each  of  its  ele* 
mentB,  which  is  spontaneouriy  inflammable^  communicates  that  pro- 
perty to  phosphuretted  hydrogen  gas.  This  opinion  is  grounded  on 
the  fact  that  when  spontaneously  inflammable  phosphuretted  hydro- 
gen is  kept  for  aay  length  of  time  in  the  dark  it  suffers  no  change, 
but  in  a  strong  ligat,  aolid  phosphuretted  hydrogen  is  deposited,  and 
the  residual  gas  is  no  longer  spontaneously  inflammable.  Thus  it 
appears  that  by  the  action  of  light  PIP  is  decomposed,  and  PH 
and  PH'  are  formed,     t.  258. 


SxcTioM  XIX.     Compounds  of  Nitrogen  and  Carbon, 

Bicarhuret  of  Nitrogen'-^Cyanogen  Gas. 

ComposttioD. 

JFbrm.  Sp.  Or.  NU.  Car,  Equiv. 

N-f  2C,  or  NCS  «r  Cy.       1.8167  Air     «  i    u.lS  I  eq.  13.24  2  eq.    26.39  by  Wght. 

26.39     Hyd.  =  1  100      *^  Vd. 

783.  This  gaseous  compound  was  discovered  by  6ay-Lussac,  in  Cyanogen. 
1815,^  and  was  called  cyanogen  from  x^vo^,  bluet  and  yeyy6io,  Ige^ 
nerate,  because  it  is  an  essential  ingredient  of  Prussian  blue. 

784.  It  is  obtained  by  heating  dried  bicyanuret  of  mercury  in  a  process, 
small  glass  retortt     This  eyanuret,  formerly  called  prussiate  of 
mercury,  is  composed  of  metallic  mercury  and  cyanogen.     On  expo^ 

sure  to  a  low  red  heat,  it  is  resolved  into  its  elements ;  the  cyanogen 

? asses  over  in  the  form  of  gas^  and  the  metallic  mercury  is  sublimed, 
'he  heat  applied  should  be  sufficient  to  expel  the  cyanogen  slowly 
and  steadily,  as  it  is  liable  to  be  decomposed  by  a  high  temperature^ 
Towards  the  end  of  the  process,  a  black  substance  is  procured,  aris-^ 

•  Ann.  de  CfUm,  xcv.  I  v-  *  '       '      • 

tFbrths  method  of  preparing  this  cyaanret,  see  )KN«iq./'^"yr^  !^a.<.-«*  V 
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Ob>p  m.  ing  from  the  decomposition  of  part  of  the  cyanogeo,  consiating  of  the 
same  ingredients  as  the  gas  itself.  T. 
PropertiM.  ^85.  Cyanogen  has  a  strong,  penetrating,  and  disagreeable  smell* 
resembling  that  of  bitter  almonds.  It  burns  with  a  bluish  flame 
mixed  with  purple,  which  can  be  shown  by  igniting  it  at  the  beak  of 
the  retort,  which  may  be  drawn  out  to  a  fine  point  before  the  blow-pipe* 

786.  It  must  be  collected  over  mercury,  as  water  absorbs  4.5timea 
Collected.  ^^  volume  of  the  gas.     The  aqueous  solution  reddens  litmus  paper, 

an  effect,  however,  not  to  be  ascribed  to  the  gas,  but  to  acids  ge» 
nerated  by  the  mutual  decomposition  of  cyanogen  and  water. 

787.  Cyanogen  contains  its  own  bulk  of  nitrogen  and  twice  ita 
volume  of  the  vapour  of  carbon  ;  and  since 

100  cubic  incbee  of  nitrogen  gai  weigh  30.1650  gn. 

200    "         «*        vapour  of  carbon  "  26.142tf   '• 

100    "  **        cyanogen  ^  must  weigh  M.3078   ** 

The  ratio  of  iti  elements  by  weight  is, 

Nitrogen     30.1650    .    .    .    0.9727 14.15 1  eq. 

Carbon        26.1426    .    .    .    0  8430(2+0.4216)    .    .    .    12.24  2  eq. 

Sp.  gr.        The  sp.  gr.  of  a  gas  so  constituted  is  0.9727-|-0.843=  1.8157,  which 
is  near  1.8064  the  number  found  experimentally  by  6ay-Lu8.sac. 

Cyanogen  is  a  bicarhuret  of  nitrogen  ;  but  its  most  convenient 
name,  cyanogen,  may  be  expressed  by  Cy.*    t.  26S. 


Sbction  XX.     Compounds  of  Svlphur  with  Carbon^  4*^ 

Bisulphuret  of  Carbon. 

Composition. 

F\)rm.  Carb.         Sul.         Equh,         Eq.  Vot, 

C-f.3SorCSs  6.19    +    32.2    s?    38.32  100 

wlSS.'S?  788.  This  substance  was  discovered  in  1796  by  Lampadius  who 
snlphuret,  regarded  it  as  a  compound  of  sulphur  and  hydrogen,  and  termed  it 
oj»'«>J|*>i    alcohol  of  sulphur, 

H*"  oh°'       '^®^'      ""^y  ^  obtained  by  heating  in  close  vessels  the  native  bi- 

ii^Q^^  '     sulphuret  of  iron  (iron  pyrites)  with  one  fifth  of  its  weight  of  well 

dried  charcoal,  or  by  passing  the  vapour  of  sulphur  over  fragments 

of  charcoal  heated  to  redness  in  a  tube  of  porcelain.t 

Properties,       790.  The  bi^sulphuret  of  carbon  is  eminently   transparent,  and 

perfectly  colourless.     Sometimes,  immediately  afler  distillation,  the 

*  Paroeyanogcn.  Symb.  N*€^.  Eq.  108.56?  The  brown  matter  left  in  the  retort 
in  tbe  foregoing  process  (784)  is  a  solid  oicarbaret  of  nitrogen,  isomeric  with  cyanogen, 
but  differing  from  it  in  its  physical  and  chemical  relations.  Heated  in  the  open  air, 
spyeral  definite  compounds  of  carbon  and  nitrogen  may  be  obtained,*  It  is  solable  in 
nitric  and  sulphuric  acids  and  forms  a  compound  with  ozyeen  in  which  one  eq.  of  ox- 
ygen is  combined  with  foureq.  of  nitrogen  and  eight  eq.  ofcarhon. 

Mellon.  Sjfmb.  fi*C^,  h^.  93.32.  It  is  a  lemon  yellow  coloured  powder,  insolo- 
ble  in  water  and  alcohol,  but  soluble  and  decomposable  by  acids  ana  alkalies.  By 
heat  it  afibrds  one  yo\.  of  nitrogen  and  three  of  cyanogen.  It  is  one  of  the  ciMnpoond 
radicals.    T. 

Compovmd  ofPhosphorui  and  Nitrogen. 

Pho$phuret  qf  Nitrogen.  Symb.  N+2P,  or  NP».  Eq.  45.66.  When  either  of  the 
chlorides  of  phosphorus  is  saturated  with  dry  ammoniacal  eas.  a  white  solid  mass  is 
obtained,  which  on  exposure  to  a  strong  heat,  gives  rise  to  the  formation  of  phosphuret 
of  nitrogen,  and  hydrochloric  acid  gas.  It  is  a  light  snow  white  powder,  insoluble  in 
water.  It  is  composed  of  81.4  parts  or  2  eq*  of  phosphorus,  and  14.16  or  one  eq.  of 
nitrogen. 

t  A  porefllstn  tube  an  inch  or  mors  in  diameter  is  coated  with  clay  and  wrapped  romd 

*  Briwsur's  Jam.  N.  S.  1.  75. 


Stdphvrtt  of  Photphonu. 
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oily  liquid  appears  a  little  opaque  and  milky  ;  but  the  next  day  it  is  Sact.xx. 
found  to  have  become  completely  limpid.  It  has  an  acrid,  pungent, 
and  somewhat  aromatic  taste ;  its  smell  is  nauseous  and  fetid.  It  is 
soluble  in  alcohol  and  ether ;  its  refractive  power  in  regard  to  light 
is  very  considerable.  Its  sp.  gr.  is  1.272 ;  of  its  vapour  2.668.  It 
boils  at  110°»  and  does  not  freeze  at — 60°.  It  is  very  volatile,  and 
the  cold  which  it  produces  during  evaporation  is  so  intense,  that  by 
exposing  a  thermometer  bulb,  covered  with  fine  lint,  moistened  with 
it,  in  the  receiver  of  an  air-pump,  the  temperature  sunk,  after  ex- 
haustion to — 60°.  When  a  mercurial  thermometer  is  used,  the 
metal  freezes.  When  a  few  drops  of  this  liquid  are  poured  on  the 
surface  of  a  glass  of  water,  the  temperature  of  which  is  32°  F. 
plumose  branches  of  ice  dart  to  the  bottom  of  the  vessel,  and  the 
whole  water  is  suddenly  frozen.  At  the  same  time,  the  sulphuret 
becomes  volatilized ;  and  the  spicule  of  ice  beautifully  exhibit  the 
colours  of  the  solar  spectrum. 

791.  Bisulphuret  of  carbon  is  a  siUpkur-acid,  that  is,  it  unites  with  ^  sajphur- 
sulphur  bases  to  constitute  compounds  analogous  to  ordinary   salts,  acid, 
and  hence  called  sulphur»salts.     Thus  bisulphuret  of  carbon  unites 

with  sulphuret  of  potassium,  forming  a  sulphur  salt,  in  which  the 
former  acts  as  an  acid  and  the  latter  as  a  base.    T. 

Stdphuret  of  Phosphorus. 

792.  Sulphur  and  fused  phosphorus  unite  frequently  with  vio-p^^^gg. 
lence.     The  experiment  should  not  be  made  with  more  than  30  or 

40  grs.  of  phosphorus.  The  phosphorus  is  placed  in  a  glass  tube  5 
or  6  inches  long,  and  about  half  an  inch  wide,  when  by  a  gentle 
heat  it  is  liquefied,  the  sulphur  is  added  in  successive  small  portions. 
The  compound  is  highly  combustible.* 

with  iron  wire.  It  is  then  filled  with  frag- 
ments of  charcoal,  taking  care  to  leave 
room  for  the  passage  of  Tapoar,  and  made 
to  traverse  a  furnace  as  represented  in  Fig. 
177.  A  retort  filled  about  a  third  full  of 
sulphur  is  then  fitted  to  one  end  of  the  tube, 
supporting  it  by  a  retort  stand,  and  usin^  a 
mixture  of  clay  and  sand  to  make  the  jom- 
ing  air-tight.  A  bent  ^lass  tube  about  half 
an  inch  or  rather  less  in  diameter  is  attach- 
ed in  the  same  manner  to  the  other  extre- 
mity of  the  porcelain  tube,  and  Connected 
witn  a  glass  globe  terminatint?  in  a  small 
tube  placed  in  a  receiver  half  full  of  water, 
which  must  be  kept  cold. 

When  everything  has  been  properly  ad- 
justed, fire  ■        •     - 
to  a  strong 
and  as  ihey 

the  bottom  of  the  water  in  the  receiver.  The  nse  of  the  globe  is  to  prevent  any  water 
passinjg^  back  to  the  porcelain  tube.  The  charcoal  should  be  well  prepared,  and 
not  mixed  with  any  unchanged  woody  fibre.    Reid. 

*  Biautohuret  qf  Selenium  is  of  an  oraofife  colour,  and  fuses  at  a  heat  a  little  above 
212°.  Selenium  also  combines  with  phosphorus  and  forms  a  seleniuret  which  is  very 
fusible. 

SutphvTti  of  NUroren  is  formed  by  the  reaction  of  chloride  of  sulphur  on  a  solu- 
tion of  ammonia,  and  contains  from  92  to  93  per  cent,  of  sulphur,  and  7  to  8  of  ni* 
trogen- 

Seltnivrd  qf  Phoaphonu  may  be  made  in  the  same  manner  as  sulphuret  of  phos- 
phorus.   It  is  very  fusible  and  decomposes  water  when  digested  in  it. 

Su^terei  qf  SUrogen  is  formed  by  the  reaction  of  chloride  of  sulphar  on  a  lolii- 
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CHAPTER  IV, 

METALS. 
Sectidn  I.     General  Properties,  and  ComMnations. 

793.  Maoy  of  the  metals  have  been  long  known,  while  some  have 
been  recently  discovered.  There  are  fortytwo  bodies  of  this  class ; 
they  are  incapable  of  being  resolved  into  more  simple  parts,  and  are 
therefore  regarded  as  elementary.  Most  of  them  are  remarkable  for 
their  specific  gravity ;  they  are  conductors  of  electricity  and  heat, 
they  are  positive  electrics,  opaque,  possess  a  peculiar  lustre,  and  are 
in  general  good  reflectors  of  light. 

794.  The  following  table  contains  their  names,  date  of  discovery, 
specific  gravity  at  60^  F.,  and  symbols, 


'       NanMf  of  Mfltalt. 

Dstas  ofthe  DlKorery. 

Speeiflc  Orarlty. 

fiymli. 

Gold,           m. ' 

,   19.267      .     .     . 

Aa. 

Silver,          m. 

•     •     .     • 

• 

.    10.474       . 

•         • 

Ag. 

Iron,            m. 

•     .     .     • 

.     7.788       . 

•           . 

Pe. 

Copper,       m. 

► 

•     •     •    • 

.     8.896 

Co. 

Mercury, 

•     •     •     • 

.    13.668       . 

Hg, 

Lead,           m. 

•     ■     1     .     < 

.   11.362       . 

Pb. 

Tiiij             m.  J 

•     •     .     • 

.     7.291        . 

So. 

Aotimony, 

.     .    1400    . 

.     6.702 

Sb. 

Bismuth, 

.     .    1630    . 

.     9.822       . 

Bi. 

Zioc,           m. 

.  IStfa  oentar 

y. 

.     6.861  to  7.1 

Zn. 

Araenic,            > 
Cobalt.              5 

•    1733 

.     6.8843    . 

As. 

.     7.834       , 

Co. 

Platinum,     m. 

.     .    1741 

.  20.98 

g^- 

Nickel,        m. 

.    .    1761    . 

.     8.279       . 

Manganese, 

.     .     1774    , 

,     8.013       .     . 

Mo, 

Tungsten, 

.     .    1781    , 

.   17.6           .     , 

Wa 

Tellurium, 

. 

.     .    1783    . 

6.116       .     . 

Te. 

Molybdenum, 

.    .     17d8    . 

8.615  to  8.63 

6   ! 

Mo. 

Uranium, 

.     .     1789    . 

9.000       .     . 

U. 

Titanium, 

.     .     1791    , 

6.3           .     . 

Ti. 

Chromium, 

.     .     1797    . 

6+          .    , 

Cr. 

Columhium, 

.     .     1802    . 

>•«■*■ 

Ta. 

Palladium,  m. ) 
Rhodium,         > 

1    1803    • 

ll.3toll.S  . 

•     .     •    •    • 

Pd. 
R. 

Iridium, 

!     1803    '. 

18.68   .    .     . 

Ir. 

Osmium, 

.     .     1303    , 

.    •    •     •     ■ 

OSa 

Cerium, 

.     1804    . 

>    •     •    »     •    • 

Ce. 

Potassium,  m.  1 

a        •        ■        a 

0.866      .     . 

K. 

Sodium,  m. 

>        •        •        •        i 

0.972       .     . 

Na. 

Barium,            > 

.     .     1807    . 

■ 

•     •     .     •     • 

Ba. 

Strontium, 

•         •         •         I 

•     •     .     •     • 

Sr. 

Calcium,          J 

•         m         0          i 

.     •     •     ■     • 

Ca. 

Cadmium,  m. 

.     .     1818    . 

8.604       .     . 

Cd. 

Lithium, 

.     .     1818    . 

•          a          a          •          • 

L. 

Zirconium, 

.     .    1824    . 

.         a          a          •          . 

Zr. 

Aluminium,      ^ 

>         •         •         •         « 

•        •         •         •         a         • 

Ala 

Glucinium,       > 

.     .    1828    . 

>•*■•. 

G. 

Yttrium,           ) 

*         *         •         1 

•         •          a          *         • 

Y. 

Thorium, 

.     1829    , 

•         •          *          •          a 

Th. 

Magnesium 

.     1829    . 

•          •         a          .          a          < 

Big. 

Vanadium 

.     1830    . 

1         .          a          a          •          I 

V? 

Latanium, 

.     1839    . 

t          m           t          »           • 

tion  of  ammonia.  It  is  a  eoloorless  powder.  Its  alcoholic  solution  gifas  with  potassa 
a  fine  purple  colour  which  is  fiigitire.  It  containa  from  92  to  93  par  oeot  of  solphar, 
aad  7  or  8  of  nitrogen.    T. 
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796.  Malleability  and  ductility  are  iiDportant  properties  of  roetaU.*    fleet,  i. 
Those  metals  which  are  remarkable  for  ductility  are  gold,  silver, 
platinum,  iron,  and  copper. 

796.  The  metals  also  differ  in  tenacity,  in  which  property  iron 
surpasses  all  others.    Their  hardness  also  varies,  some  as  titanium,  Tenacity, 
iron,  &c.,  are  very  hard ;  others,  as  lead,  are  soft,  and  a  few,  as  po- 
tassium, yield  to  the  pressure  of  the  fingers. 

797.  Some  of  the  malleable  and  ductile  metals  have,  also,  a  high 
degree  of  elastieity.    This  property  fits  them  for  being  applied  to  gi^^^^^^w 
the  mechanical  purpose  of  springs.     Steel  and  iron  are  in  this  re- 

sp^t,  superior  to  all  other  metals.     Upon  the  properties  of  elasticity 
and  hardness,  appears  also  to  depend  that  of  fitness  for  exciting . 
sound. 

796.  Many  of  the  metals  have  a  distinct  crystalline  structure,  and 
not  only  occur  in  nature  in  distinct  crystals,  but  can  be  obtained  in  Stnictara. 
that  state  by  careful  fusion  and  cooling. 

Thus  bismuth,  melted  in  a  crucible,  and  suffered  to  cool,  becomes 
covered  with  a  crust,  and  when  this  is  pierced,  and  the  fluid  be- 
neath allowed  to  flow  out,  the  cavity  is  found  studded  with  beautiful- 
ly regular  cubic  crystals. 

799.  Metals,  with  the  exception  of  mercury,  are  solid  at  common 
temperatures ;  but  they  may  all  be  liquefied  by  heat.  The  degree 
at  which  they^v^)  or  iheit  point  of  fusion,  is  very  different  for  dif- 
ferent metals)  as  appears  from  the  following  table* 


CrystaUi- 
zatioo. 


Fusibility 
of  Metals. 


Fosibte  below  S 
red  beat 


Infosible  below  a 
red  heat. 


Table  of  the  PanbOUy  qf  deferent  MetaU 

Fahr. 

Mercury 

Potassium 

Sodium 

•    about 


Cadmium 

Tin,     . 

Bismuth 

Lead    . 

Tellurium  —  rather    less 

fusible  than  lead. 
Arsenic— undetermined . 
Zinc     .... 
Antimony  a  little  below 

a  red  beat. 
Silver  *        t 

Copper        .  . 

GK>la    .... 
Iron,  cast     • 
Iron,  malleable  ^ 

Manffanese 
Cobalt— rather  lesa    fu- 


—89® 
136 
190 
442 
442 
497 
612 


Different  chemists. 
Ghiy-Lussac  and  Thenard. 
Stromeyer. 

Crichton^ 


773 


KlapTDlht. 
DanielK 


Daniell. 


1873 
1996 
20l6 
2786 

Requiring  the  highest  heat  of  & 
smith's  forge. 


sible  than  iron. 
Nickel — nearly  the  same  as  cobalt. 
Palladium 


Molybdenum 

Uranium 

Tungsten 

Chromium 

Titanium 

Cerium 

Osmium 

Iridium 

Rhodium 

Platinum 

Colombium 


Almost  infosible,  and  not 
to  be  procured  in  but- 
tons by  the  heat  of  a 
smith's  forge. 


Fusible   be- 
fore the  oxy- 
hvdrc^n 
blow- pipe. 


Infttsible  in  the  heat  of  a  smith's  forge,  but 
fusible  before  the  oxy-hydrogen  blow-pipe* 


*  The  malleable  meUls  are  designated  in  the  table  by  the  letter  m.,  to  which  may 
be  added  fro jcb  mercury. 
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Oh»p.  IV. 
VoUtile. 

Action  of 
metals  up- 
on each 
other. 

Alloyi. 


Amalgnms. 


Characten 
of  alloys. 


Union  with 
other  bo- 
dies. 


Combusti- 
ble. 


Product. 


800.  Some  raetals  are  volatilized  by  heat,  others  may  be  exposed 
to  the  intense  heat  of  a  wind  furnace  without  being  raised  in  va* 
pour. 

The  metals  may  for  the  most  part  be  combined  with  each  other, 
forming  a  very  important  class  of  compounds,  the  metallic  alloys. 

The  word  alloy  is  a  general  term  for  all  combinations  of  metais 
with  each  other ;  and  the  specific  name  is  derived  from  that  of  the 
metal,  which  prevails  in  the  compound.  Thus  in  the  alloy  of  gold 
with  silver^  the  gold  is  to  be  understood  as  being  in  greatest  propor- 
tion ;  in  the  aUoy  of  silver  with  goUd^  the  silver  is  the  principal  ia- 
gredient.* 

The  compounds  of  mercury  with  other  metals,  at  a  very  early  pe- 
riod of  chemistry,  were  called  amalgams,  and  the  term  is  still  retained. 

801.  When  metals  are  alloyed  their  properties  are  more  or  less 
affected. 

1.  We  observe  a  change  in  the  ductility,  malleability,  hardness, 
and  colour.  Malleability  and  ductility,  are  usually  impaired,  and 
oflen  in  a  remarkable  degree. 

2.  The  specific  gravity  of  an  alloy  is  rarely  the  mean  of  its  com- 
ponent parts ;  in  some  cases  an  increase,  in  others  a  diminution  of 
density  having  taken  place. 

3.  The  fusibility  of  an  alloy  is  generally  greater  than  that  of  its 
components. 

4.  Alloys  are  generally  more  ozidizable  than  their  constituents, 
taken  singly. 

802.  The  metals,  although  they  readily  unite  with  the  elementary 
substances,  are  little  disposed  to  combine  in  the  metallic  state,  with 
compound  bodies,  such  as  an  oxide  or  an  acid.  Their  union  with 
the  simple  non-metallic  substances,  such  as  oxygen,  chlorine,  and 
sulphur,  gives  rise  to  new  bodies  in  which  the  metallic  character  is 
wholly  wanting.  In  all  these  combinations  ihe  tendency  to  unite  in 
definite  proportions  is  conspicuous ;  the  chemical  changes  are  regu- 
lated by  the  same  general  laws  alrea^dy  described,  and  the  same 
nomenclature  is  applicable^ 

803.  Metals  are  of  a  combustible  nature ;  that  is^  they  are  not 
only  susceptible  of  slow  oxidation,  but,  under  favorable  circumsUin- 
ces,  they  unite  rapidly  with  oxygen,  giving  rise  to  all  the  phenomena 
of  real  combustion.  Zinc  burns  with  a  brilliant  flame  when  heated 
to  full  redness  in  the  open  air  ;  iron  emits  vivid  scintillations  on  be- 
ing inflamed  in  an  atmosphere  of  oxygen  gas ;  and  the  least  oxida- 
ble  metals,  such  as  gold  and  platinum,  scintillate  in  a  similar  man- 
ner when  heated  by  the  oxy-hydrogen  blow-pipe. 

804.  The  product  either  of  the  slow  or  rapid  oxidation  of  a  met- 
al, when  heated  in  the  air,  has  an  earthy  aspect,  and  was  called  a 


*  Varioas  processes  are  adopted  io  the  formation  of  alloys  depending  upon  the  na- 
ture of  the  metals.  Many  are  prepared  by  simply  fusioe  the  two  metais  in  a  cot- 
ered  crucible  ;  but  if  there  he  a  considerable  difference  in  the  specific  grsTtty  of  the 
metals,  the  heavier  will  often  subside,  and  the  lower  part  of  the  bar  or  insot,  will 
differ  in  composition  from  the  upper }  this  may  be  prevented  by  agitating  the  alloy 
till  it  solidifies. 

When  one  of  the  metals  is  very  volatile,  it  should  generally  be  added  to  the  other 
afVer  iu  fusion ;  and  if  both  metait  be  volatile,  they  may  be  sometimes  united  by  dis- 
tilling them  tofstlMir^ 
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calx  by  the  older  chemists,  the  process  of  forming  it  being  expcssed  ^^t-  >- 
by  the  term  ciddnaiion.  Another  method  of  oxidizing  metals  is  by 
deflagration  ;  that  is,  by  mixing  them  with  nitrate  or  chlorate  of  po- 
tassfii  and  projecting  the  mixture  into  a  red-hot  crucible.  Most  met- 
als may  be  oxidized  by  digestion  in  nitric  acid ;  and  nitro-hydro- 
chloric  acid  is  an  oxidizing  agent  of  still  greater  power. 

806.  Some  metals  unite  with  oxygen  in  one  proportion  only,  but  ^*»'<>«*  ^^ 
most  of  them  have  two  or  three  degrees  of  oxidation.  Metals  diftr  ®'^^*°' 
remarkably  in  their  relative  forces  of  attraction  for  oxygen.  Potas- 
sium and  sodium,  for  example,  are  oxidized  by  mere  exposure  to  the 
air ;  and  they  decompose  water  at  all  temperatures,  the  instant  they 
come  in  contact  with  it.  Iron  and  copper  may  be  preserved  in  dry 
air  without  change,  nor  can  they  decompose  water  at  common  tem- 
peratures ;  but  they  are  both  slowly  oxidized  by  exposure  to  a  moist 
atmosphere,  and  combine  rapidly  with  oxygen  when  heated  to  red- 
ness in  the  open  air.  Iron  has  a  stronger  affinity  for  oxygen  than 
copper ;  for  the  former  decomposes  water  at  a  red  heat,  whereas  the 
latter  cannot  produce  that  effect.  Mercury  is  less  inclined  than  cop- 
per to  unite  with  oxygen.  Thus  it  may  be  exposed  without  change 
to  the  influence  of  a  moist  atmosphere.  At  a  temperature  of  650^ 
or  700°  it  is  oxidized  ;  but  at  a  red  heat  it  is  reduced  to  the  metallic 
state,  while  oxide  of  copper  can  sustain  the  strongest  heat  of  a  blast 
furnace  without  losing  its  oxygen.  The  affinity  of  gold  for  oxygen 
is  still  weaker  than  that  of  mercury ;  for  it  will  bear  the  roost  in- 
tense heat  of  our  furnaces  without  oxidation. 

806.  .Metallic  oxides  may  be  redtcced  to  the  metallic  state  by  heat  R<^lQctioo 
alone,  by  the  united  agency  of  heat  and  combustible  matter,  as  in  **<***<*••• 
metallurgy  when  metals  are  extracted  from  their  ores  with  the  aid  of 
charcoal,  &c.,  by  galvanism,  and  by  the  action  of  deoxidizing  agents 

on  metallic  solutions,  as  when  one  metal  is  precipitated  by  another. 

To  a  solution  of  the  nitrate  of  oxide  of  niver.  add  a  Bmtll  onantity  of  Birp. 
meicurj,  the  silver  will  be  thrown  down  in  a  metallic  tbrm,  and  oxide  of  mer* 
curr  be  dissolved  in  the  nitric  acid  and  water. 

From  this  solution  the  mercury  may  be  separated  by  placins  in  it  a  polished  i^^p. 
rod  of  copper,  and  a  solution  of  nitrate  of  oxide  of  copper  will  oe  obtained,  from 
which  the  copper  may  be  precipitated  by  a  rod  of  iron. 

807.  Metals,  like  the  simple  non-metallic  bodies,  may  give  rise  to  Acids  from 
oxides  or  acids  by  colnbining  with   oxygen.     The  forn»er  are  the  ■Mial»» 
most  frequent  products.    The  acids  contain  a  larger  quantity  of  oxy- 
gen than  the  oxides  of  the  same  metal. 

806.  Many  of  the  metallic  oxides  have  the  property  of  combining  Oxides  and 
with  acids.     In  some  instances  all  the  oxides  of  a  metal  are  capable  ■*^****- 
of  forming  salts  with  acids,  as  is  exemplified  by  the  oxides  of  iron  ; 
but,  generally,  the  protoxide  is  the  sole  alkaline  or  salifiahh  base. 
Most  of  the  metallic  oxides  are  insoluble  in  water.     Oxides  some- 
times unite  with  each  other  and  form  definite  compounds. 

809.  The  metals  combine  with  chlorine,  and  the  compounds  are  Action  of 
termed  chlorides.  In  some  instances  the  application  of  heat  is  re-  chlorine, 
quired  :  the  combination  is  in  some  cases  slow  and  in  others  rapid, 
attended  with  the  evolution  of  light.  The  attraction  of  chlo- 
rine for  the  metals  is  superior  to  that  of  oxygen ;  hence  when 
chlorine  is  brought  into  contact  with  their  oxides,  the  oxygen  is  libe- 
rated and  a  chloride  of  the  metal  is  obtained,  the  elements  of  which 

29 
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<3ha|>.iv.  are  so  strongly  united,  that  in  some  cases  they  are  not  separated  by 
intense  heat. 
Characters      810.  The  metaUic  chlorides  are  mostly  solid  at  common  tempera- 
^^^,  ^       tures,  fusible,  and  susceptible  of  crystallization ;  several  of  them  are 
volatile ;  most  of  them  are  soluble.     They  are  of  nearly  all  colours. 
^^  811.  The  chlorides  of  the  common  metals  are  decomposed  at  a  red 

sitioo^^'  heat  by  hydrogengas,  hydrochloric  acid  being  disengaged  and  the 
metal  set  free.  When  in  solution  they  may  be  recognised  by  yield- 
ing with  nitrate  of  oxide  of  silver  a  white  precipitate,  which  is  chlo- 
ride of  silver.  Several  of  them  decompose  water,  giving  rise  to  the 
formation  of  hydrochloric  acid  and  an  oxide  (617),  or  in-some  cases 
to  a  hydrochlorate.* 
Procured.  812.  Metallic  chlorides  are  frequently  procured  by  dissolving  me- 
tallic oxides  in  hydrochloric  acid,  evaporating  to  dryness,  and  apply- 
ing heat  so  long  as  any  water  is  expelled. 

813.  The  same  metal  often  forms  more  than  one  compound  with 
chlorine,  and  these  compounds  are  designated  as  the  oxides. 

814.  Iodine  has  a  strong  attraction  for  metals ;  and  most  of  the 
io^ne  ^     compounds  which  it  forms  with  them  sustain  a  red  heat  in  close  ve»> 

sels  without  decomposition.  But  in  the  degree  of  its  affinity  for  me- 
tallic substances  it  is  inferior  to  chlorine  and  oxygen.  'The  metallic 
iodides  are  generated  under  circumstances  analogous  to  those  men- 
tioned for  procuring  the  chlorides. 

The  action  of  iodine  on  metallic  oxides,  when  dissolved  or  sus- 
pended in  water,  is  precisely  analogous  to  that  of  chlorine.     On 
adding  iodine  to  a  solution  of  the  pure  alkalies  or  alkaline  earths, 
an  iodide  and  iodate  are  generated, 
orbromine,     815.  Bromine,  in  its  affinity  for  metallic  substances,  is  intermedi- 
ate between  chlorine  and  iodine ;  for  while  chlorine    disengages 
bromine  from  its  combination  with  metals,  metallic  iodides  are  de- 
composed by  bromine.     The  same  phenomena  attend  the  union  of 
bromine  with  metals,  as  accompany  the  formation  of  metallic  chlo- 
rides. 
Of  fluorine,      The  nature  of  the  action  oi  fluorine  upon  the   metals  is  im- 
perfectly known ;  it  exerts  an  extremely  powerful  affinity  for  them, 
which  is  the  great  obstacle  to  obtaining  it  in  an  insulated  form. 
Of  solphor.     816.  Sulphur  has  a  strong  tendency  to  unite  with  metals.     The 
metallic  sulphurets  are  in  some  cases  formed  by  heating  the  metal 
with  sulphur ;  in  others,  by  decomposing  the  sulphates ;  and  in  oth- 
ers, by  the  action  of  hydrosulphuric  acid.     The  sulphurets  are  in 
general  brittle;  some  have  a  metallic  lustre;  others  are  without  lus- 
tre.    Some  are  soluble,  others  insoluble  in  water. 
AoUon  of        817.  Most  of  the  protosulphurets  support  an  intense  heat  without 
heat  on lol- decomposition;  but,  in  general,  those  which  contain  more  than  one 
phnrets.      equivalent  of  sulphur,  lose  part  of  it  when  strongly  heated.     They 
are  all  decomposed  without  exception  by  exposure  to  the  combined 
agency  of  air  or  oxygen  gas  and  heat ;  and  the  products  depend  en- 
tirely on  the  degree  of  heat  and  the  nature  of  the  metal.     The  action 

*  A  difference  of  opinion  eiisU  among  chemieu  as  to  the  action  of  the  chlorides  upon 
water,  some  supposing  them  to  become  hydrochlorates  when  dissolved,  others  main- 
tain that  tome  metallic  chlorides  dissolve  as  such.  The  latter  opinion  has  been  adopt- 
ed  by  Turner  from  considerations  for  which  see  his  Eiementf,  272.  See  also  Branae, 
1.  370. 
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of  beat  and  air  io  decomposing  metallic  sulphurets  is  the  baais  of    8>ct.K 
several  metallurgic  processes.     The  metallic  bases  of  the  alkalies 
and  alkaline  earths  agree  with  the  common  metals  in  their  disposi- 
tion to  unite  with  sulphur. 

818.  If  a  sulphate  be  decomposed  by  hydrogen  or  charcoal,  or  Decompoti- 
sulphur  ignited  with  an  alkali  or  alkaline  earth,  a  metallic  sulphuret  |J^^^  ^* 
is  always  the  product.     Direct  combination  between  sulphur  and  a  ' 
metallic  oxide  is  a  very  rare  occurrence,  nor  has  the  existence  of 

such  a  compound  been  clearly  established.^ 

819.  The  metallic  sdemurets  have  a  resemblance  in  their  chemi-  Seienionti. 
cal  relations  to  the  sulphurets.     They  may  be  prepared  either  by 
bringing  selenium  in  contact  with  the  metals  at  a  high  temperature, 

or  by  the  action  of  hydroselenic  acid  on  metallic  solutions.! 

820.  Phosphorus  combines  with  the  greater  number  of  the  metals,  Action  of 
forming  a  series  of  metaUto  phospkureis.     There  are  three  methods  ^^^  ^ 
of  forming  them ;  either  by  heating  a  mixture  of  phosphorus  and  the 
metal,  or  projecting  phosphorus  upon  the  metal  previously  heated  to 
redness ;  or  by  heating  a  mixture  of  the  metal  or  its  oxide,  with 
phosphoric  acid  and  charcoal,  or  by  passing  phosphuretted  hydrogen 

over  the  heated  metallic  oxide.  These  phosphurets  have  a  metallic 
lustre ;  if  they  contain  a  ditHcultly  fusible  metal  they  are  more  fusi- 
ble than  the  metal  they  contain;  if  an  easily  fusible  metal,  less  so.l 

821.  When  phosphorus  is  introduced  into  the  solutions  of  those  ^^ ™*^J^>c 
metals  which  have  but  a  feeble  attraction  for  oxygen,  it  reduces  "^^^     ' 
them  to  the  metallic  state.     Thus  gold,  silver,  and  platinum  are 
thrown  down  by  immersing  a  stick  of  phosphorus  into  their  respec- 
tive solutions. 

822.  Carbon  unites  to  very  few  of  the.  metals,  and  of  the  metallic  Actioo  of 
carhwrei^,  one  only  is  of  importance,  namely,  carburet  of  iron,  or  cv^i^' 
steeL 

823.  Hydrogen  forms  compounds  with  but  a  few  of  the  metals,  Of  hydro- 
which  are  termed  hydrogurets  or  hydrurets.  ••**' 

824.  The  metals  may,  for  the  most  part,  be  combined  with  each  Action  of 
other,  forming  a  very  important  class  of  compounds,  the  meiaUic  al*  metaUon 
lays.     Various  processes  are  adopted  in  the  formation  of  alloys  de-  ^"I'j    °  "' 
pending  upon  the  nature  of  the  metals.     Many  are  prepared  by      ^^^* 
simply  fusing  the  two  metals  in  a  covered  crucible ;  but  if  there  be  a 
considerable  difference  in  their  specific  gravity,  the  heavier  will  sub- 
side, and  the  lower  part  nf  the  bar  or  ingot  will  differ  in  composition 

from  the  upper ;  this  may  be  to  a  great  extent  prevented  by  agitating 
the  alloy  till  it  solidifies. 

825.  Where  one  uf  the  metals  is  very  volatile,  it  should  be  added  of  volatile 
to  the  other  after  its  fusion  ;  and  if  both  metals  be  volatile,  they  may  metals, 
be  sometimes  united  by  distilling  them  together. 

826.  Metals  appear  to  unite  with  one  another  in  every  proportion.  Union  in 
thus  there  is  no  limit  to  the  number  of  alloys  of  gold  and  copper.    It  p^°J{* 
is  certain,  however,  that  metals  have  a  tendency  to  combine  in  defi-  tioQ>i. ' 

*  See  Turner,  p.  270. 

tFor  the  different  opinions  in  regard  to  these  compounds  see  /frui,  p.  972. 

t  Phosphoros  is  said  to  onile  with  metallic  oxides,  as  when  phosphuret  of  lime  is 
said  10  be  formed  by  paasins  the  vapour  of  phosphorus  over  lime -at  a  low  red  heat  -, 
but  it  is  probable  that  part  of  the  metallic  oxide  is  decomposed,  and  that  phosphuret 
of  calcium  and  phosphate  of  lime  are  formed.    T. 


Chap.  iVy  nite  proportioos ;  for  several  atomic  compounds  of  this  kind  occur 

native.* 
Chamcter*      827.  When  metals  are  alloyed  they  undergo  great  change  of  pro- 
of alloys,    periies,  their  malleability  and  ductility  are  usually  impaired,  and 
the  colours  changed*     The  hardness  is  in  general  increased,  and  the 
elasticity  snd  sonorousness  frequently  improved.     The  specific  gra- 
vity of  an  alloy  is  rarely  the  mean  of  its  component  parts,  sometimes 
greater  and  sometimes  less.t    The  fusibility  of  an  alloy  is  generally 
greater  than  that  of  its  components.  Thus  platinum,  when  alloyed  with 
arsenic  is  very  fusible,  ana  an  alloy  of  8  parts  of  bismuth,  6  of  lead, 
and  3  of  tin  liquefies  at  212^ 
^^1?^*^''       828.  Alloys  are  generally  more  oridizable  than  their  constituents, 
^      ^^'    taken  singly  ;  a  property  which  is,  perhaps,  partly  referable  to  the 
formation  of  an  electrical  combination*     Thus  the  ozidability  of  zinc 
is  increased  by  the  presence  of  small  quantities  of  iron. 
Aetioo  of       S29,  The  action  of  acids  upon  alloys  may  generally  be  anticipated 
acidfl.        ]yy  n  icQowledge  of  their  efllbcts  upon  the  constituent  metals;  but  if  a 
soluble  metal  be  alloyed  with  an  insoluble  one,  the  former  is  often 
protected  by  the  latter  from  the  action  of  the  acid.     Thus,  silver,  al- 
loyed with  a  large  quantity  of  gold,  resists  the  action  of  nitric  acid 
in  consequence  of  the  insolubility  of  the  latter  metal  in  that  acid ; 
and  in  order  to  render  it  soluble,  it  should  form  about  one  fourth 
part  of  the  alloy.     B.  i.  sss. 

830,  To  those  alloys  of  which  mercury  is  a  constituent  the  term 

amalgemi  is  applied. 

Clauiflca-      831.  The  metals  may  be  divided  into  two  classes,  viz :  1,  those 

tion  of  met- which  bv  oxidation  yield  alkalies  or  earths,  and,  3,  those  the  oxides 

*  *'  of  which  s^  neither  alkalies  nor  earths.     These  classes  may  be 

subdivided  ''as  follows : 
isi  order,  ^"^*  I^e'tals  that  decompose  cold  water  at  the  jmoment  of  contact, 
combining  with  its  oxygen  and  liberating  hydrogen.  The  resulting 
oxides  are  caustic,  soluble  in  water,  and  possess  alkaline  properties. 
They  are  called  oZAuZtes,  and  their  metaluc  bases  alkaline  or  aUcaH- 
gerwus  metals.  They  are,  Potassium,  Sodium,  Lithium. 
^  2d.  Metallic  bases  of  the  alkaliiie  earths.     These,  with  the  excep- 

'  tion  of  magnesium,  decompose  water  at  common  temperatures.  *fhey 

are.  Barium,  Strontium,  Calcium,  Magnesium. 
34,  3d.  Metallic  bases  of  the  pure  earths.     Aluminium,  Yttrium,  Zir- 

conium, Glucinium,  Thorium. 

The  seoond  class  includes  the  greater  number  of  the  metals. 
They  unite  with  oxygen,  generally  in  more  than  one  proportion. 
Their  protoxides  have  an  earthy  appearance,  but  with  few  excep- 
tions are  coloured,  and  are  insoluble  in  water.  Most  of  them  ac^  as 
salifiable  bases  in  uniting  with  acids,  and  forming  salts ;  but  ill  this 
respect  they  are  much  inferior  to  the  alkalies  and  alkaline  earths,  by 
which  they  may  be  separated  from  their  combinations.  Several  of 
these  metals  are  capable  of  forming  with  oxygen,  compounds,  which 
possess  the  characters  of  acids.     They  may  be  arranged  as  follows  : 

*  Thb  fiew  it  aii]>poried  by  lata  ezperimeDta  of  Rudbtrg,  Ann,  d€  Ck,  H  di  P%i. 

ziviii.  363.    T.  398. 

tForataUstihibitingihiaieeTheiiaid  TrmtidMOum.  1.394. 
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1.  Metals  which  decompose  water  at  a  red  heat    They  are  seven    s^^t-"' 

in  number ;  namely,  Subdm- 

Manganese,  Cadmium,  Cobalt,  ■**"• 

Iron,  Tin,  Nickel, 

Zina. 

2.  Metals  which  do  not  decompose  water  at  any  temperature,  and 

the  oxides  of  which  are  not  reduced  to  the  metallic  state  by  the  sole 

action  of  heat.     Of  these  there  are  fourteen  in  number ;  namely, 

Araenio,  Columbium,  Titanium, 

Chromium,  Antimony,  1'elliirium, 

Vanadium,  Uranium,  Copper, 

Molybdenum,  Cerium,  Leaa. 

Tungsten,  Bismuth, 

3.*  Metals,  the  oxides  of  which  are  reduced  to  the  metallic  state  by 
a  red  heat^     These  are 

Mercury,  Platinum,  Osmium, 

Silver,  Palladium,  Iridium. 

Gold,  Rhodium,  T. 


Section  IL     Metallic  Bases  of  the  Alkalies. 

832.  Potassium,  K.  eq.  39.15,  was  discovered  in  1807  by  Davy."^  Potassium. 
He  obtained  it  by  submitting  caustic  potassa,  or  potash,  to  the  action 

of  Voltaic  electricity  :  the  metal  was  slowly  evolved  at  the  negative 
pole. 

From  the  facts  which  have  become  known  respecting  the  powers  j^     •  « 
of  electrical  decomposition,  it  appeared  to  be  a  natural  inference,  ence  how 
that  the  same  powers  applied  in  a  state  of  the  highest  intensity,  inferred, 
might  disunite  the  elements  of  some  bodies,  which  had  resisted  all 
other  instruments  of  analysis. 

833.  In  his  first  experiments,  Davy  failed  to  effect  the  decomposi-p^    i^^^. 
tion  of  potassa,  owing  to  his  employing  the  alkali  in  a  state  of  aque-  perimentft.' 
ous  solution,  and  to  the  consequent  expenditure  of  the  electrical 
energy  in  the  mere  decomposition  of  water. 

834.  The  chief  difficulty  in  subjecting  potassa  to  electrical  action  mr  ^^  r 

is,  that,  in  a  perfectly  dry  state,  it  is  a  complete  non-conductor  of  obtaining 

electricity.     When  rendered,  however,  in  the  least  degree  moist  by  potassium 

breathing  on  it,  it  readily  undergoes  fusion  and  decomposition,  by  Jy«^«^*"«»- 

the  application  of  strong  electrical  powers. 

For  this  purpose,  a  piece  of  potassa,  weighing  from  60  to  70  grains,  may  be 
placed  on  a  small  insulated  plate  of  platinum,  and  may  be  connected,  in  the  way 
already  described,  with  the  opposite  end  of  a  battery,  containing  not  less  than 
100  pairs  of  six  inch  plates.  On  establishing  the  connexion,  the  potassa  will  fuse 
at  both  places,  where  it  is  in  contact  with  the  platinum.  A  violent  effervescence 
will  be  seen  at  the  upper  surface,  arisinc  from  the  escape  of  oxygen  ma.  At 
the  lower  or  negative  surface,  no  gas  will  be  liberated  ;  hut  small  bubbles  will 
appear,  having  a  high  metallic  lustre,  and  being  precisely  similar  in  visible  cha- 
racters to  quicksilver. 

Some  of  these  globules  barn  with  an  explosion  and  bright  flame ; 
while  others  are  merely  tarnished,  and  are  protected  from  further 
change  by  a  white  film,  which  forms  on  their  surface. 

This  production  of  metallic  globules  is  entirely  independent  of  the  f'Si*** 


m vacuo. 


*  PhU.  Traiu.  1808. 
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Chsp.  IV.   action  of  the  atmosphere ;  for  Davy  found,  that  they  may  be  pro- 
duced in  vacuo. 
How  pre-        835.  To  preserve  this  new  substance,  it  is  necessary  to  immerse 
•erred.       '^  immediately  in  a  fluid  which  does  not  afford  oxygen.     If  exposed 
to  the  atmosphere  it  is  rapidly  converted  back  again  into  the  state  of 
pure  potassa. 

836.  Nothing  could  be  more  satisfactory  than  the  evidence  fur- 
nished by  Davy's  experiments,  of  the  nature  of  one  of  the  fixed  alka- 
lies. We  have  the  evidence,  both  of  analysis  and  synthesis,  that 
potassa  is  a  compound  of  oxygen  with  a  peculiar  inflammable  basis. 
Reasons  for  837.  In  assigning  to  this  newly  discovered  substance  a  fit  place 
it? metal"^  among  the  objects  of  chemistry,  Davy  was  induced  to  class  it  among 
the  metals,  because  it  agrees  with  them  in  opacity,  lustre,  malleabi- 
lity, conducting  powers  as  to  heat  and  electricity,  and  in  its  qualities 
of  chemical  coinbination. 

838.  In  giving  names  to  the  alkaline  bases,  that  termination  was 
adopted  which,  by  common  consent,  has  been  applied  to  other  newly 
discovered  metals.     The  base  of  potassa  was  called  potassium,  and 
the  base  of  soda  sodium  ;  and  these  names  have  met  with  universal 
acceptation. 
Other  pro-       839.  It  is  not,  however,  by  electrical  means  only  that  the  decom- 
obtaiDi^'    position  of  potassa  has  been  accomplished.     Soon  after  Davy's  dis- 
potassiam.  coveries  were  known  at  Paris,  Gay-Lussac  and  Thenard  succeeded  in 
their  attempts  to  decompose  both  the  fixed  alkalies,  without  the  aid 
of  a  Voltaic  apparatus,  merely  by  the  intervention  of  chemical  affini- 
ties.    Their  process,  though  it  affords  the  alkaline  bases  of  less  pu- 
rity, yields  them  in  much  larger  quantity,  than  the  electrical  analysis. 
It  consists  in  bringing  the  alkalies  into  contact  with  intensely  heated 
iron,  which,  at  this  temperature,  attracts  oxygen  more  strongly  than 
the  alkaline  base  retains  it. 
Cvraadau's.      Potassium  may  also  be  prepared,  as  first  noticed  by  Curaudau,  by 
'  mixing  dry  carbonate  of  potassa  with  half  its  weight  of  powdered 
charcoal,  and  exposing  the  mixture,  contained  in  a  gun-barrel  or 
spheroidal  iron  bottle,  to  a  strong  heat.     An  improvement  on  both 
processes  has  been  made  by  Brunner,  who  decomp<ises  potassa  by 
means  of  iron  and  charcoal.     From  eight  ounces  of  fused  carbonate 
of  potassa,  six  ounces  of  iron  filings,  and  two  ounces  of  charcoal 
mixed  intimately  and  healed  in  an  iron  bottle,  he  obtained  140  grains 
of  potassium.^ 
Wohler's.        -^  modification  of  this  process  has  been  described  by  Wohler,  who 
effects  the  decomposition  of  the  potassa  solely  by  means  of  charcoal. 
The  material  employed  for  the  purpose  is  carbonate  of  potassa,  pre- 
pared by  heating  cream  of  tartar  to  redness  in  a  covered  crucible.t 
Properties.      ^0*  Potassium  is  a  white  metal  of  great  lustre.     It  exists  in 
small  globules,  which  possess  the  opacity,  and  general  appearance  of 
mercury  ;  so  that  when  a  globule  of  mercury  is  placed  near  one  of 
potassium  the  eye  can  discover  no  difference  between  them.    It  in- 


*  Quart.  Jour.  zt.  379.  See  also  Henry's  Chan,  Toi.  i.  Hare  in  Amer.  Jour.  xxit. 
312,  and  Gale's  method  tbui,  xzi.  60.  Very  full  practical  directions  are  given  in  Reid's 
Ele,ofPrac.  Chem.  p.  221. 

t  Poggendoifi^s  Amulent  !▼.  S3,  and  Brando's  Jour,  zzii. 
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stantly  tarmshes  by  exposure  to  «ir.    It  is  ductile*  and  of  the  con-    g^cu  il 
eistency  of  soft  wax. 

Its  specific  gravity  is  0.865.  At  150^  it  enters  into  perfect  fusion ; 
and  at  a  bright  red  heat  rises  in  vapour.  At  32^  it  is  a  hard  and 
brittle  solid.  If  heated  in  air  it  burns  with  a  brilliant  white  fiame. 
It  is  an  excellent  conductor  of  electricity  and  of  heat. 

841.  Its  most  prominent  chemical  property  is  its  great  affinity  for  Prominent 
oxygen.  It  oxidizes  rapidly  in  the  air,  or  by  contact  with  fluids  character, 
which  contain  oxygen.     On  this  account  it  must  be  preserved  either 

in  glass  tubes  hermetically  sealed,  or  under  the  surface  of  liquids, 
of  which  oxygen  is  not  an  element,  such  as  naptha,  or  what  is  better 
the  essential  oil  of  copaiva. 

842.  If  heated  in  the  open  air,  it  takes  fire  and  burns  with  a  pur*  Dcoompo- 
jrfe  flame  and  great  evolution  of  heat.     It  decomposes  water  on  the  •••  ^'■***'* 
instant  of  touching  it,  and  so  much  heat  is  disengaged,  that  the  po- 
tassium is  inflamed,  and  burns  vividly  while  swimming  upon  its 
surface.     The  hydrogen  unites  with  a  little  potassium  at  the  moment 

of  separation  ;  and  this  compound  takes  fire  as  it  escapes,  and  thus 
augments  the  brilliancy  of  the  combustion.  When  potassium  is 
plunged  under  water,  violent  reaction  ensues,  but  without  light,  and 
pure  hydrogen  gas  is  evolved. 

Take  a  small  piece  of  potaflsium,  remove  the  naptha  adhering  to  it  by  blottjnjr  R^p^ 
paper,  and  drop  it  into  water ;  aAer  the  combuation,  add  to  the  water  infusion  <» 
purpio  cabbage,  which  will  become  green. 

rJace  anotner  piece  upon  a  Jump  of  ice,  the  same  action  takes  place.  Exp. 

Gunpowder  nay  be  ignited  by  placing  upon  it  a  piece  of  potassium  and  touch-  £xp. 
inff  the  metal  witn  a  drop  of  water  on  a  rod,  or  with  ice. 

Introduce  a  piece  of  the  metal,  wrapped  up  in  paper,  quickly  into  a  test  tube  Elxp. 
inverted  in  ana  fuH  of  water.    It  will  rise  to  the  top,  and  when  the  water  reaches 
it  throuffh  the  paper,  it  will  be  decomposed  and  hydrogen  be  found  in  the  upper 
part  of  tne  tube,  which  may  be  inflamed  in  the  usual  way. 

A  small  piece  may  be  dropped  into  a  little  sulphuric  acid,  contained  in  a  jar  3  Exp. 
or  4  inches  in  diameter  and  about  10  or  12  inches  deep  :  potassa  is  formed  and 
heat  and  light  are  at  the  same  time  evolved.    Care  must  be  taken  that  none  of 
the  acid  is  thrown  into  the  eyes. 

Put  4  prains  of  iodine  into  a  test  tube  about  4  or  5  inches  long,  throw  a  grain  £zp. 
of  potassium  upon  it,  and  hold  the  sealed  end  of  the  tube  for  a  second  or  two  in 
the  flame  of  a  spirit  lamp.    The  iodine  and  potassium  will  rapidly  combine  with 
a  brilliant  light.    The  hand  should  be  protected  with  a  glove  as  the  tube  is  usu- 
ally broken. 

A  similar  experiment  may  be  made  with  half  a  grain  of  sulphur  and  a  grain  of  Bzp. 
potassium. 

843.  The  combining  weight  or  equivalent  of  potassium  is  easily  Equivalent, 
deduced  from  the  composition  of  potassa  and  chloride  of  potassium, 

which  are  admitted  to  consist  of  single  equivalents  of  their  elements. 
Berzelius  analyzed  chloride  of  potassium  by  means  of  nitrate  of  oxide 
of  silver,  and  inferred  that  39.15  is  the  equivalent  of  potassium. 

Compounds  of  Potassium, 

844.  Protoxide  of  Potassium — Potash,  or  Potassa,  K+O,  It  or  protoxide 
KO,  39.16  1  eq.  potas.  +  6  1  eq.  oxy.  =  47.15  equiv.,  is  formed  or  potassa. 
when  potassium  is  put  into  water,  or  exposed  to  dry  air  or  oxygen 

gas  ;  formed  in  the  latter  way  it  is  anhydrous.  It  is  a  white  caus- 
tic solid,  fusing  at  a  temperature  above  redness,  and  not  decomposed 
by  the  heat  of  a  wind  furnace.     It  has  a  great  affinity  for  water. 


2S2  Metah—PoUuiiim. 
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Oh^.iv.      846.  There  are  three  compounds,  cootaintng  each  1  eq«  of  po- 

ProtohT-     tassa  with  1.3  and  5  eq.  of  water  respectively.    The  Protohydrate 

dnte,  &«.   18  caustic  potash,  pataua  fiua  of  the  London  pharmacopoBia.     It  was 

formerly  called  lapis  caustieut.    It  is  solid  at  common  temperatures, 

is  highly  deliquescent,  and  requires  about  half  its  weight  of  water  for 

solution.     It  is  soluble  in  alcohol.     Its  sp.  gr.  is  1.706.     In  surgery 

jj^  it  is  used  as  a  caustic,  and  is  prepared  by  evaporating  the  aqueous 

solution  and  casting  it  in  moulds.     In  this  state  it  is  impure.    It  is 

Purified,     purified  by  solution  in  alcohol,  and  evaporation  to  the  consistence  of 

oil  in  a  vessel  of  pure  silver,  which  should  be  done  expeditiously  to 

avoid  the  absorption  of  carbonic  acid.^ 

846.  Potaaa  thus  puri6ed  is  white,  very  acrid  and  corrosive,  and 
Pm  pot-  at  a  bright  red  heat  evaporates  in  the  form  of  white  acrid  smoke.  It 
^'^'         quickly  absorbs  moisture  and  carbonic  acid  from  the  air.    It  is  highly 

alkaline,  and  being  exclusively  procured  from  vegetables  was  for- 
merly called  vegetMe  alkali.  When  touched  with  moist  fingers  it 
has  a  soapy  feel,  in  consequence  of  its  action  upon  the  cuticle.  In 
Chanctert.  the  fused  state  it  produces  heat  when  dissolved  in  water ;  but  in  its 
crystallized  state  it  excites  considerable  cold,  especially  when  mixed 
with  snow.  At  a  natural  temperature  of  30^,  Lowitz  found  that 
equal  weights  of  crystallized  potassa  and  snow  depressed  the  ther- 
mometer to  45^. 

847.  Potassa  may  be  distinguished  from  all  other  substances  by 
k°^?^  the  following  characters.  If  tartaric  acid  be  added  in  excess  to  a 
UnguUhed.  ^^^  ^^  potassa  dissolved  in  water,  and  the  solution  be  stirred  with  a 

glass  rod,  a  white  precipitate,  the  bitartrate  of  potassa,  soon  appears, 
which  forms  peculiar  white  streaks  upon  the  glass  by  the  pressure  of 
the  rod  in  stirring.  A  solution  of  chloride  of  platinum  causes  a  yel- 
low precipitate,  the  double  chloride  of  platinum  and  potassium.  Al- 
coholic solution  of  carbazotic  acid  throws  down  potassa  in  yellowish 
crystals  of  carbazotate  of  potassa,  which  is  very  sparingly   soluble. 

PnpvAtiM  af  *  To  prepare  pore  potash,  carbonaie  of  potash  may  be  diaaolTed  br  rahbia^  it  with 
run  pouMs.  four  limes  us  weight  of  water  in  an  earthen  mortar ;  thesolotioD  is  tnen  decanted,  and 
mixed  with  a  qnaniity  of  newly  slaked  lime  equal  in  weig[ht  to  the  carbonate  emplofed, 
boilioff  it  for  a  few  minntes,  and  then  filtering.  To  avoid  absorption  of  carbonic  acid 
from  toe  air,  the  best  method  is  to  use  a  funnel,  wiib  a  narrow  mouth,  which  mav  ea- 
sily  he  closed  by  a  cork  or  stopper,  and  putting  a  small  tube  throQC[h  th^  throat  oi  the 
funnel,  placing  pieces  ofouartz  or  broken  glass  round  it,  and  covering  it  with  linen,  so 
that  while  the  solution  or  potassa  is  dropping  into  the  bottle  below,  air  passes  through 
the  lube  at  the  same  time  from  the  lower  to  the  upper  Teasel  and  supplies  its  place. 
This  method,  proposed  by  Duncan  is  an  excellent  substitute  for  a  more  complicated 
apparatus.  When  a  common  funnel  is  employed,  it  should  be  covered  with  a  plate  or 
tin  tray,  and  a  towel  thrown  over  the  whole.  (Keid.)  For  an  apparatus  devised  by  Do- 
novan for  this  purpose,  see  Turner's  ElemenU,  p.  279.  As  part  of  the  solution  of  po- 
tassa adhercR  to  the  lime,  a  small  quantity  of  water  is  to  be  poured  on  the  top  of  what 
remains  in  the  funnel  afler  it  has  ceased  to  drop ;  the  water  presses  upon  the  liquid  it 
still  contains,  and  causes  it  to  pass  slowly  into  tne  receiver  below.  This  is  continued  till 
a  quantity  of  liqnid  is  ohuined  e()aal  to  6  or  6  timea  the  weight  of  the  salt  employed. 
It  must  be  kept  in  glass  bottles  with  good  stoppers. 

If  the  liquid  contains  little  carbonic  acid,  it  will  give  a  vary  slight  precipitate  with 
lime  water,  and  scarcely  any  efiervescence  will  be  seen  with  sulphuric  acid.  The 
potash  may  be  separated  from  the  water  by  adding  to  the  solution  an  equal  quantity  of 
alcohol,  in  a  large  well  stopped  bottle,  and  shaking  them  together.  Adex  n^poae  the 
alcohol  floats  above,  holding  the  potash  in  solution  and  is  to  be  poured  ofi;  From 
the  alcoholic  solution  the  potash  is  obtained  by  rapid  evaporation  in  a  retort  when  it  is 
desirable  to  save  the  alcohol,  or  in  an  evaporating  dish  when  not  so.  Or  the  fused 
potash  may  be  dissolved  at  once  in  alcohol  and  the  aolntioo,  after  standing,  be  decant- 
ed, evaporated,  and  fused  as  before. 
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This  is  the  most  delicate  test  in  a  solution  of  pure  potassa ;  but  Bim.  ii. 
when  the  alkali  is  combined  with  a  strong  acid|  the  chloride  of  plat-  Twt  of. 
inum  is  preferable.^ 

848.  Chloride  ofPotastmm,  E+CI  or  ECl,  39.15  1  eq.  potas.  + 
35.42  1  eq.  chlon  =  74.57  equiv.,  is  formed  when  potassium  bums 
in  chlorine  gas,  and  when  it  is  heated  in  hydrochloric  acid  gas.  It 
is  also  the  residuum  after  the  decomposition  of  chlorate  of  potassa 
by  heat.  It  is  formed  when  potassa  is  dissolved  in  a  solution  of 
hydrochloric  acid.  It  was  formerly  called  salt  of  Sylvius  and  regenr 
eraied  sh^  salt.  It  crystallizes  in  cubes,  and  has  a  saline  and  bitter 
taste. 

849.  Jodid$  of  Potassium,  K+I  or  KI,  39.15  1  eq.  potas.  +  126.3 
1  eq.  iod.  =  165.45  equiv*,  is  formed  when  potassium  is  heated  in 
contact  with  iodine. 

It  may  be  prajwred  by  adding  iodine  to  a  bot  ^olodon  <>f  pure  pota«a  until  the  Pnwaa- 
alkali  ia  Qeutralized,  evaporatiDg  to  dxynen  and  ezposins  toe  dry  maaa  in  a  plat- 
inum ciiicible  to  a  gentle  red  heat.    Tjie  fused  maai  ii  diHoIved  out  by  water 
and  crystallized. 

850.  It  fuses  and  rises  in  vapour  at  a  heat  below  redness,  is  solu-      **'^*' 
ble  in  two  thirds  its  weight  of  water  at  60^.    Its  solution  in  alcohol 

yields  colourless  cubic  crystals. 

It  should  be  purchased  in  crystals,  which  ought  not  to  deliquesce 
in  a  moderately  dry  air,  and  in  powder  should  be  completely  soluble 
in  the  strongest  alcohol.t 

S51.  Hydrogen  and  Potassium  unite  in  two  proportions,  forming  ^l'"^. 
in  one  case  a  solid  and  in  the  other  a  gaseous  compound.     The  lat-  nQm^' 
ter  is  produced  when  hydrate  of  potassa  is  decomposed  by  iroq  ^t  a 
white  heat.    It  inflames  spontaneously  in  air  or  oxygen  gas. 

The  solid  hydruret  of  potassium  was  made  by  GavrLussuc  find 
Thenard,  by  heating  potassium  in  hydrogen  gas.  It  does  noit  in- 
flame spontaneously  in  oxygen  gas.  t 

852.  Sulphurets  of  Potassium.-r-Poi^^umm  unites  readily  with  Solphmau, 
sulphur  by  the  aid  of  gentle  heat,  emitting  so  much  heat  that  the 
mass  becomes  incandescent.    The  nature  of  the  product  depends 

*  Turner. 

t  Teroxide  qf  PotoMtium,  K+80,  K  or  KO*  89.16  1  eq.  potas.  +  24  3  aq.  oaiy.  as  rmmid». 
ea.I6  eqoiT.,  is  formed  when  potassium  is  bomt  in  the  open  air  or  in  oxygen  ^. 
It  is  the  lesidne  of  the  decomposition  of  nitre  byheat  in  metallie  vessels }  provided 
the  temperature  he  kept  up  suffidsntly  lou^.    When  water  is  added  to  it  osygen 
eteapes  with  eiforvescence,  and  it  passes  to  tne  state  of  potassa  which  is  dissolf  ed.* 

Bromide  of  PoUunum,  K+Br  or  KBr.,  3«.1S  1  eq.  potas.  +  78.4  I  eq.  oxy.  =  BnMid*. 
117.66  equiv.    This  compound  is  formed  by  processes  similar  to  that  for  prsnring 
the  iodidei  and  is  anabgous  to  it  in  most  of  its  properties.    It  is  but  sfigblly 
soluble  in  alcohol. 

FtumvU  of  PoioBtium,  K+F,  or  KF.  89.16  1  eq.  potas.  +  18.68  t  eq.  fluor.  naoikte. 
=s  67.83  equiT.,  is  best  formed  by  nearly  saturating  bydroflooric  add  with  carbonate 
of  potassa,  eraporating  to  dryness  in  platinum,  and  igniting  to  expel  any  excess  of 
«eid.    It  may  be  c^tained  in  cubes  or  rectangular  four-sided  prisms,  which  deliquesce 
rapidly.    The  eolation  acts  on  glass  in  which  it  is  kept  or  evaporated. 

t  Carburet  of  PotaeHum  has  not  been  obtained  in  a  pure  state ;  but  it  is  thought 
to  fonn  part  of  the  residue  in  the  preparation  of  potassium  from  charcoal,  (page  830). 

•  BridiBS  of  Philadftlphla,  has  suiSMtBd  thto  as  s  coamUeot  method  qf  ebisinins  Qxygnu 
gis.    8m  Turner's  Xlai.  980,  axul  A*.  Jt.  MuL  md  flhr#.  JtfHr.  r.  m, 
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Chap  IV.  on  the  proportions  which  are  employed.    The  protosnlpharet  is 
readily  prepared  by  decomposing  sulphate  of  potassa  by  charcoal  or 
hydrogen  gas  at  a  red  heat. 
Pfoto  Protosulphuret  of  Potassium,  K+S  or  KS,  39.16    1  eq.  potas. 

'  ^  16.1  1  eq.  sulp.  =  66.26  equiv.,  fases  below  a  red  heat,  and 
acquires  on  cooling  a  crystalline  texture.  It  has  a  red  colour,  de- 
liquesces on  exposure  to  the  air,  and  is  soluble  in  water  and  alcohol. 
It  takes  fire  when  heated  before  the  blow-pipe,  and  quickly  acquires 
a  coating  of  sulphate  of  potassa,  which  stops  the  combustion ;  but 
when  mixed  in  fine  division  with  charcoal,  it  kindles  spontaneously, 
forming  a  good  pyrophorus.'^ 

Terndphuret  of  Potassium,  K+3S  or  KS*,  39.15  1  eq.  potas. 
-f-  48.3  3  eq.  sulp.  =  87.45  equiv.,  is  prepared  pure  by  transmit- 
ting the  vapour  of  bisulphuret  of  carbon  over  carbonate  of  potassa 
at  a  red  heat,  as  long  as  carbonic  acid  or  carbonic  oxide  gases  are 
disengaged.  It  is  also  formed  when  carbonate  of  potassa  is  heated 
to  low  redness  with  half  its  weight  of  sulphur,  until  the  mass  ap- 
pears in  tranquil  fusion^t     This  is  known  as  liver  of  sulphur. 

Sodium. 

Symb,  Na     Equiv,  33.3 

853.  Sodium  discovered  by  Davy    in   1808,    is  obtained  from 
oftodi^.  ^^  by, an  operation  analogous  to  that  for  procuring  potassium 

frorp  potassa.  (832.)  It  is  soft,  easily  sectile,  white  and  opaque,  and 
when  examined  under  a  thin  film  of  naptha  has  the  lustre  and  gen- 
eral appearance  of  silver. 

854.  It  is  exceedingly  malleable,  and  much  softer  than  any  of  the 
PropertiM.  common  metallic  substances.     When  pressed  upon  by  a  platinum 

blade  with  a  small  force  it  spreads  into  thin  leaves  ;  and  a  globule 
of  ^Vth  or  -j^th  of  an  inch  in  diameter  is  easily  spread  over  a  sur- 
face of  a  quarter  of  an  inch.  This  property  is  not  diminished  by 
cooling  it  to  32*  F.  Several  globules,  also,  may,  by  strong  pres- 
sure, he  forced  into  one ;  so  that  the  property  of  welding,  which  be- 

*  BinUpkuret  ^f  Poiattium,  K-H2S  or  KS>.  39.16  1  ea.  potas.  +  3S.S  2  eq.  nilp. 
CBS  71.36  MuiT.,  la  formed  by  ezpoaiar  a  aatarated  tolution  in  alcobol  of  nydro* 
•alphate  ot  8ul]>huret  of  potasaium  (K»f  US),  until  a  pellicle  begina  to  form  npon 
ita  anriaoe,  and  than  evaporating  to  dryneas  without  further  exposure. 

t  Quadrotuiphuret  qf  Potauium,  K-4-4Sor  KS«,  39.16  1  ea.  polaa.  -f  64.4  4  eq. 
es  103.66  equJT.,  is  prepared  by  transmitting  the  vapour  of  biBulphnret  of  carbon  over 
sulphate  of  potaasa  at  a  red  he^t,  until  carbonic  acid  gas  ceases  to  be  disengaged. 

Qidniotufyfhuret  of  PtAoniwoi^  K+6S  or  K9,  89.16  1  eq.  potas.  +  80-6  6  eq. 
aulp.  s  119.66  equiv.,  is  formed  br  fusing  carbonate  of  potassa  with  its  own  weight 
of  sulphur,  the  residue  containing  sulphate  of  potassa  as  in  preparing  the  tersulphuret. 

These  four  last  sulphurets  are  deliquescent  in  the  air,  have  a  sulphurous  odour, 
and  are  soluble  in  water  \  and  thoae  who  consider  them  to  decompose  water  in  dis- 
solving, suppose  the  formation  of  corresponding  compounds  of  hydrogen  and  sul- 
phur. 

PkotphweU  qf  Poto«Wum.— When  potassium  is  heated  in  phoaphuretted  hydro- 
gen gaa,  it  takes  fire,  phosphuret  of  potassium  is  formed,  and  hydrogen  set  free;  and 
oombination  ia  also  effected  by  gently  heating  phosphorus  with  potassium.  The 
number  and  proportion  of  theae  compounda  have  not  yet  been  determined. 

SelemureU  of  Poianium. — ^These  elements  unite  when  fused  together,  sometimes 
with  explosive  violence,  fonniog  a  crystalline  fusible  oompooad  of  an  iron-gray  col- 
our and  metallic  lustre. 
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longs  to  platinum  and  iron  at  a  high  degree  of  heat  only,  is  pos 

sessed  by  this  substance  at  common  temperatures. 

It  is  lighter  than  water ;  as  near  as  can  be  determined,  its  specific 
gravity  is  as  0.972  to  1. 

865,  It  is  much  less  fusible  than  the  base  of  potassa.     At  120°  Fusibility. 
F.,  it  begins  to  lose  its  cohesion,  and  is  a  perfect  fluid  at  200*^. 

856.  When  sodium  is  exposed  to  the  atmosphere,  it  immediately  Effect  of 
tarnishes,  and  by  degrees  becomes  covered  with  a  white  crust  of  ^'' 
soda,  which  deliquiates  more  slowly  than  that  formed  on  potassium. 

It  is  not  changed,  however,  by  air  that  has  been  artificially  dried. 

857.  It  combines  with  oxygen,  slowly  and  without  luminous  ap- of  oxygen, 
pearance,  at  all  common  temperatures.     When  heated  to  its  fusing 

point,  the  combination  becomes  more  rapid ;  but  no  light  is  emitted 
till  it  becomes  nearly  red  hot.  The  flame  which  it  then  produces, 
is  white,  and  it  sends  forth  bright  sparks,  exhibiting  a  very  beautiful 
efiect.  In  common  air,  it  burns  with  a  similar  colour  to  charcoal, 
but  with  much  greater  splendour.  i 

858.  When  thrown  on  cold  water,  it  swims,  and  is  rapidly  oxi-  Action  on 
dized,  though  in  general,  without  inflaming,  but  with  hot  water  it  ^^Bter, 
scintillates,  or  even  takes  fire.     If  the  sodium  is  confined  to  one 

spot  and  the  water  rests  on  a  non-conducting  substance,  as  charcoal, 
the  heat  rises  high  enough  for  inflammation.^  In  each  case  soda  is 
formed,  and  the  water  acquires  an  alkaline  reaction. 

859.  Its  action  on  alcohol,  ether,  voUitile  oil,  and  acids,  is  similar  q^  ^u^a^i 
to  that  of  potassium ;  but  with  nitric  acid  a  vivid  inflammation  is  ^u;.  ' 
produced. 

860.  Protoxide  rf'  Sodium^  Na-f-0,  Na  or  Nao,  23.3  1  eq.  sod.  Protoxide, 
-f-8  1  eq.  oxy.  =  31.3  equiv.,  commonly  called  fo(2a,  and  by  theweoda, 
Germans  TuUron^  is  formed  by  the  oxidation  of  sodium  in  air  and  wa- 
ter, as  potassa  is  from  potassium.  In  its  anhydrous  state  it  is  a  gray 

solid,  difficult  of  fusion,  and  very  similar  in  its  characters  to  potassa. 
With  water  it  forms  a  solid  hydrate,  easily  fusible  by  heat,  very 
caustic,  soluble  in  water  and  alcohol,  has  powerful  alkaline  proper- 
ties, and  in  all  its  chemical  relations  is  exceedingly  analogous  to  po- 
tassa. It  is  prepared  from  the  solution  of  pure  soda,  in  the  same 
manner  as  the  corresponding  preparation  of  potassa.  The  solid  hy- 
drate is  composed  of  31.3  parts  or  one  equivalent  of  soda,  and  9 
parts  or  1  equivalent  of  water. 

861.  Soda  is  readily  distinguished  from  other  alkaline  bases  by  Dittio- 
the  following  characters.     1.  It  yields  with  sulphuric  acid   a  salt,  A^"***^* 
which  by  its  taste  and  form  is  easily  recognised  as  Glauber's  salt, 

or  sulphate  of  soda.  2.  All  its  salts  are  soluble  in  water,  and  are 
not  precipitated  by  any  reagent.  3.  On  exposing  its  salts  by  means 
of  platinum  wire  to  the  blow-pipe  flame,  they  communicate  to  it  a 
rich  yellow  colour. 

862.  Sesquiozide  of  Sodium,  2Na+30  Na,  or  Na*03,  46.6  2  S««iw<»- 

eq.  sod.  +  24  3  eq.  oxy.  =  70.6  equiv.,  is  formed  when  sodium  is 
heated  to  redness  in  an  excess  of  oxygen  gas.  It  has  an  orange 
colour,  has  neither  acid  nor  alkaline  properties,  and  is  resolved  by 
water  into  soda  and  oxygen. 

*  Dvcatel  in  Amer,  Jour,  xxv.  00. 


230 


MeUds — Sodium. 


Obm^  IV. 
Chloridt, 


Hotrob- 

uinad* 


Commoa 
■tit. 


Solation. 


863.  Chloride  of  Sodium,  Na+Cl  or  NaCl,  23^  1  eq.  sod.  + 
35.42  1  ea.  chlor.  =  68.72  equiv.  Sodium,  when  heated  in  chlorine, 
burns  and  produces  a  white  compound,  of  a  pure  saline  flavour. 
It  may  also  be  formed  by  heating  sodium  strongly  in  hydrochloric 
acid  gas ;  the  hydrogen  of  which  is  liberated,  while  the  chlorine 
combines  with  the  metal. 

864.  Or  it  may  be  formed  by  saturating  carbonate  or  hydrate  of 
soda  with  hydrochloric  acid,  and  evaporating  the  liquid,  which  yields 
chloride  of  sodium  in  a  solid  form.  This  chloride,  also,  is  an  abun- 
dant product  of  nature,  being  that  well  known  substance,  common 
salt  For  purposes  of  experiment,  the  common  salt  may  be  em- 
ployed which  is  to  be  found  in  the  shops.  This  may  be  purified,  by 
adding  to  a  solution  of  it  in  water  a  solution  of  carbonate  of  soda,  as 
long  as  any  milkiness  ensues ;  filtering  the  solution,  and  evaporating 
it  till  it  crystallizes. 

865.  It  crystallises  in  solid  regular  cubes,  or«  by  hasty  evapora- 
tion, in  hollow  quadrangular  pyramids,  which,  when  the  salt  is  pure, 
are  but  little  changed  by  exposure  to  the  air*  The  common  salt  of 
the  shops,  however,  being  impure,  acquires  an  increase  of  weight,  in 
conseauence  of  the  absorption  of  moisture.  The  various  forms  un- 
der wnich  it  appears,  of  stoved  salt,  fishery  salt,  bay  salt,  6cc.  arise 
from  modifications  in  the  size  and  compactness  of  toe  grain,  rather 
than  from  any  essential  diflerence  of  cnemical  composition.  Com- 
mon salt  always  contains  small  quantities  of  sulphate  of  magnesia 
and  lime,  and  chloride  of  magnesium.  These  may  be  precipitated 
as  carbonates  by  boiling  a  solution  of  salt  for  a  few  minutes  with  a 
slight  excess  of  carbonate  of  soda,  filtering  the  liquid  and  neutraliz- 
ing with  hydrochloric  acid. 

866b  It  requires  for  solution^  twice  and  a  half  its  weight  of  water, 
at  60*  F.,  and  hot  water  takes  up  very  little  more.  Hence  its  solu- 
tion erjTstallizes,  not  like  that  of  nitre,  by  cooling,  but  by  evaporation. 
When  heated  gradually  it  fuses,  and  forms,  when  cold,  a  solid  com- 
pact mass.  If  suddenly  heated  as  by  throwing  it  on  red-hot  coals,  it 
decrepitates.    Its  uses  are  well  known.* 

867.  Protondphuret  of  Sodium.  Na+S,  or  NaS,  23.3  1  eq.  sod. 
-(^16.1  1  eq.  sulph  =  39.4  equiv.  The  protondphuret  is  obtained 
by  processes  similar  to  those  for  protosulphuret  of  potassium,  to 
which  in  its  taste  and  chemical  relations  it  is  very  similar.! 


•  Iodide  of  Sodium.  Na+Ij  or  Nal,  23.8  1  eq.  ■od.+  186.3  I  fq.  iod.=rl49.6  equW. 
Obtained  pure  by  prooesset  similar  to  those  for  premrinff  iodide  of  potaMiom ;  bnt 
It  la  contained  in  sea-water,  in  many  salt  springs,  end  in  the.rssidoal  hqaor  firom  kelp 

Brofmi4Je  of  &)dium.  Na+Br,  or  NaBr,  23.3  I  eq.  sod.+  78,4  I  eq.  brom.  =  101.7 
sqwT.  This  oomponnd  is  ? ery  analogoiis  to  sea-salt,  and  is  asaodated  with  it  in  sear- 
water  and  most  salt  sprinn. 

rhwHdeqf  Sodium,  Na+P,  orNaF,  88.8  1  eq.  sod. +  18.68  1  eq.  fla.s4I.98 
cqniir.  This  conpoand  is  formed  by  nentraliiing  hydroflooric  add  by  soda,  and  by 
Igniting  the  doable  lluondt  of  sodiom  and  silicon,  when  the  flaoride  of  silicon  is  ex- 
pelled. 

^  According  to  GmeUn  of  Tubingen,  sulphnret  of  sodiom  is  the  eoloariog  prindple 
ot  lapi$  lazvltt  to  which  the  colour  of  ultra-marine  is  owing;  and  he  has  succeeded  in 
preparing  artificial  aitra^marine  by  heating  sulphnret  of  sodiom  with  a  miitora  of  siH- 
eic  add  and  alumina.    Ana.  dc  Ch,  et  dg  Ph,  uxfii,  io^ 
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SynU).  L.     E^,  6.44. 

868l  In  the  year  1818,  in  the  aaalysis  of  a  miBeral  called  petalite,  DiscoTenr. 
Arfwedson  discovered  about  three  per  cent  of  an  alkaline  substance, 
which  was  at  first  supposed  to  be  soda;  but,  the  farther  prosecution 
of  his  inquiries  fully  demonstrated  that  it  possessed  peculiar  proper- 
ties. The  minerals  called  Mpodumertet  and  lepidolite,  also  am>rd  the 
same  substance,  to  which  the  term  litkiOi  deduced  from  its  lapideous 
original  has  been  applied. 

889.  For  preparing  lithia, 

One  put  of  petalite  or  spodamene,  in  fine  powder^  it  intimately  mixed  ifHth  Method  of 
two  parte  of  fluor  spar,  and  the  mixture  is  heated  with  three  or  foor  times  its  obtaining 
weignt  of  sulphuric  acid,  as  long  as  any  acid  vapours  are  disengaged.  The  silicic  lithia. 
acia  of  the  mineral  is  attacked  by  hydrofluoric  acid,  and  is  dissipated  in  the  form 
of  fluottUcic  acid  gas,  while  the  alumina  and  lithia  unite  with  sulphuric  acid. 
After  dissolving  these  salts  in  water,  the  solution  is  boiled  with  pure  ammonia  to 
precipitate  the  alumina,  filtered,  evaporated  to  dryness  and  then  heated  to  red-  • 
ness  to  expel  the  sulphate  of  ammonia.    The  residue  is  sulphate  of  lithia.* 
T.  2ai\. 

870.  When  lithia  is  submitted  to  the  action  of  the  Voltaic  pile,  it  Action  of 
is  decomposed  with  the  same  phenomena  as  potassa  and  soda ;  a  K^v^>*ib. 
brilliant  white  and  highly  combustible  metallic  substance  is  separat- 
ed, which  is  lithium. 

871.  Uthia.    L+O,  L,  or  LO,  6.44  1  eq.  lith.  +  8  1  eq.  oxy.  =  D»tm- 
14.44  equiv.    Lithia  is  allied  to  potassa  and  soda,  but  distinguished  {[^!^i,^ 
by  its  greater  neutralizing  power,  by  its  salts  tinging  the  flame  of  thesa,&c. 
blow-pipe  of  a  red  colour.     It  attacks  platinum  when  fused  upon  it, 
leaving  a  dull  yellow  trace.     It  is  distinguished  from  baryta,  strontia 

and  lime  by  forming  soluble  salts  with  sulphuric  and  oxalic  acids.t 


Sectioh  III.    Metallic  Bases  of  the  AUcalvM  Earths. 

872.  Barium^  Ba.  eq*  68.7,  was  discovered  by  Davy,  in  1808,  by  Barium ; 
means  of  galvanism.  He  placed  a  globule  of  mercury  in  a  hollow  <*"«®^«nr- 
made  in  a  paste  of  carbonate  of  baryta,  on  a  platinum  tray  commu- 
nicating with  the  positive  pole  of  a  battery  of  100  double  plates, 
while  the  negative  wire  was  in  contact  with  the  mercury.  The 
baryta  was  decomposed,  and  its  barium  combined  with  mercury. 
An  amalgam  was  obtained,  from  which  the  mercury  was  separated 
by  heat  in  a  vessel  free  from  air,  and  barium  was  left  in  a  pure  form. 

S73.  It  is  a  dark  gray  colored  metal,  with  a  lustre  inferior  to  that  Proptrties. 

*  For  other  methods  see  Henry's  CftemMry,  I.  679. 

t  FW  an  analysis  of  lithion  micas  and  the  distinguishing  properties  of  lithia^  see 
Tamer's  papers,  Edin>  Jour,  iii.  137, 361,  die. }  and  for  Benelias'  method  oi  diseo- 
Terinff  litnia  in  any  solntion,  see  Editu  PhUtm.  Jour,  it.  128. 

Chloride  of  Lithium,  L+CL,  or  LCI,  6.44  1  eq.  lith.  +  3S.4S  1  eq.  chlo. »  41.86 
eqoiv. 

Fhuride  qflMium,    L-i-F,  er  LF,  6.44  1  eq.  lith,  +  18.6S  I  eq.  flu.  ss36.13 cqnif . 
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^^^P'  'v«  of  cast-iron.    It  is  far  denser  than  water  and  sinks  in  sulphucic  acid. 
It  greedily  absorbs  oxygen  and  is  converted  into  baryta. 

874.  Protoxide  of  Barium,  Ba+0,  Ba,  or  BaO,  6a7  1  eq.  bar. 
-f-  8  1  eq.  oxy.  =  76.7  equiv.,  Baryteg,  or  Baryta,  so  called  from 
the  great  density  of  its  compounds,  (from  fi^Hg^,  heavy,)  was  disco- 
vered in  the  year  1744  by  Scheele.  It  is  the  sole  production  of  the 
oxidation  of  bariam  in  air  and  water.  It  is  obtained  by  exposing  the 
crystals  of  nitrate  of  baryta  for  some  time  to  a  bright  red  heat.  It 
may  also  be  obtained  by  decomposing  the  native  carbonate  of  baryta. 

Let  this  be  powdered,  and  paised  througb  a  fine  sieve.  Work  it  up  with  aboot 
an  equal  bulk  of  wbeaten  flour  or  tar  into  a  ball,  adding  a  sufficient  quantity  of 
water.  Fill  a  crucible  of  pro^r  size,  about  one  third  its  height,  with  powdered 
charcoal ;  place  the  ball  on  this ;  and  surround  and  cover  it  with  the  same  pow- 
der, so  as  to  prevent  its  coming  into  contact  with  the  sides  of  the  crucible.  Lute 
on  a  cover ;  and  expose  it,  for  two  hours,  to  the  most  violent  heat  that  can  be 
raised  in  a  wind  furnace.  Let  the  ball  be  removed  when  cold.  On  the  addition 
of  water,  it  will  evolve  great  heat,  and  the  barvta  will  be  dissolved.  The  fil- 
^  tered  solution,  on  cooling,  will  shoot  into  beautinil  crystals.* 

Properties.  875.  Baryta  is  of  a  gray  colour,  and  very  difficult  of  fusion.  Its 
sp.  gr.  is  about  4,  being  the  heaviest  of  the  substances  usually  called 
earths.  It  eagerly  absorbs  water,  and  slakes  like  lime.  A  white 
hydrate  is  formed,  composed  of  76.7  parts,  1  eq.  of  baryta,  and  9 
parts  or  1  eq.  of  water. 

876.  Hydrate  of  baryta  dissolves  in  three  times  its  weight  of  boil- 
ing water,  and  in  twenty  parts  of  water  at  the  temperature  of  60*^  F.t 
A  saturated  solution  of  baryta  in  boiling  water  deposits,  in  cooling, 
transparent,  flattened  prismatic  crystals,  which  are  composed  of  76.7 
parts  or  one  equivalent  of  baryta,  and  90  parts  or  10  equivalents  of 
water. 

The  aqueous  solution  of  baryta  is  an  excellent  test  of  the  presence 
of  carbonic  acid  in  the  atmosphere  or  in  other  gaseous  mixtures. 
The  carbonic  acid  unites  with  the  baryta,  and  a  white  insoluble  pre- 
cipitate, carbonate  of  baryta,  subsides. 

Let  a  solution  of  pure  baryta  be  exposed  to  the  atmo^hero.  It  will  soon  be 
covered  with  a  thin  white  pellicle  ',  wliich,  when  broken,  will  fall  to  the  bottom 
of  the  vessel,  and  be  succeeded  by  another.  This  may  be  continued,  till  the 
whole  of  the  baryta  is  separated.  The  effect  arises  from  the  absorption  of  car- 
bonic acid,  wfaich  is  always  diffused  through  the  atmosphere,  and  which  forms, 
with  baryta,  a  substance,  viz.  carbonate  of  baryta,  much  less  soluble  than  the 
pure  earth. 

Or  if  the  air  fix>m  the  luujp  be  blown,  by  means  of  a  quill,  or  tube,  through  a 
solution  of  barj^ta,  the  soluUon  will  immeaiately  become  milky,  in  consequence 
of  the  production  of  an  insoluble  carbonate.  The  same  effect  will  be  produced 
by  mingling  with  a  solution  of  puce  baryta,  a  little  water,  impregnated  with  car- 
bonic  acid. 

877.  Baryta  has  so  strong  an  affinity  for  carbonic  acid  as  even  to 
take  it  from  other  bodies. 

If  to  a  solution  of  a  small  portion  of  carbonate  of  potassa,  of  soda,  or  of  ammo- 
nia we  add  the  solution  of  baryta,  the  earth  will  detach  the  carbonic  acid  from 
the  alkali,  and  will  fall  down  in  the  state  of  a  caibonate.  By  adding  a  sufficient 
quantity  of  a  solution  of  barrta  in  hot  water,  the  whole  of  the  carbonic  acid  may 
tnus  be  removed  from  a  carbonated  alkali.    H.  1. 578. 

Alkaline         87S.  As  baryta,  like  the   alkalies,  converts  vegetable  blues  to 
properties,  green,  and  serves  as  an  intermedium  between  oil  and  water,  it  has 
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*  For  other  processes  see  SkJpkote  and  NUrale  qf  Baryta, 
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been  called  an  aUcaline  earth.    It  has  a  very  acrid,  caustic  taste,  and    8*ct  ni. 
is  highly  poisonous.    It  exists  in  two  natural  combinations  only,  viz. 
as  sulphate  and  carbonate. 

879.  Peroxide  of  Banum.    Ba4-20,  or  BaO«+6Aq,  68.7  1  eq.  pe,oxide. 
bar.  +  16  2  eq.  oxy.  =  84.7  equiv.     When  dry  oxygen  gas  is  con- 
ducted over  pure  baryta  at  a  low  red  heat  this  oxide  is  formed.     It 

is  employed  in  prepanng  peroxide  of  hydrogen,  page  134.  An  easier 
process  is  to  heat  pure  baryta  to  low  redness  in  a  platinum  cruci- 
ble, and  then  gradually  to  add  chlorate  of  potassa  in  the  ratio  of 
about  one  part  of  the  latter  to  four  of  the  former. 

880.  The  oxygen  of  the  chlorate  goes  over  to  the  baryta,  and  fpheory. 
chloride  of  potassium  is  generated.    Cold  water  removes  the  chlo- 
ride and  the  peroxide  of  barium  is  left  as  a  hydrate  with  6  eq.  of 
water 

881.  Chloride  of  Barium.     Ba+Cl,  or  BaCl,  68.7  1  eq.  bar.  + 
36.42  1  eq.  chlor.  =  104.12.     Chloride  of  Barium  may  be  obtained  Chloride, 
by  heating^  baryta  in  chlorine,  in  which  case  oxygen  is  evolved  :  or, 

more  easiTy,  by  dissolving  carbonate  of  baryta  m  diluted  hydrochlo- 
ric acid.  When  filtered  and  evaporated,  the  solution  yields  regular 
crystals,  which  have  most  commonly  the  shape  of  flat  four  sided  la- 
bles,  very  like  those  of  heavy  spar.  They  contain  104.12  or  1  eq. 
of  chloriae  of  barium  and  18  parts  or  2  eq.  of  water ;  formula  BaCl 
-f-2Aq.  100  parts  of  water  dissolve  43.5  at  60"*,  and  78  at  222° 
which  is  the  boiling  point  of  the  solution.'^ 

8^.  Prototulphuret  of  Barium,  Ba+S  or  Bas,  68.7  1  eq.  bar.  goipharet. 
-^-  16.1  1  eq.  sulp.  =  84.8  equiv.,  is  formed  when  dry  hydrosul- 
phuric  acid  gas  is  passed  over  pure  baryta  at  a  red  heat,  and  by 
the  action  of  hydrogen  gas  or  charcoal  on  sulphate  of  baryta  (818.) 

It  is  very  soluble  in  hot  water,  and  the  solution  supplies  a  ready 
mode  of  obtaining  pure  baryta  and  its  salts,  when  the  carbonate  can-  Solution, 
not  be  obtained.  Thus  its  solution,  boiled  with  black  oxide  of  cop* 
per  until  it  ceases  to  precipitate  a  salt  of  lead  black,  yields  pure  bary- 
ta, which  should  be  filtered  while  hot  to  separate  the  suiphuret  of 
copper :  it  is  apt  to  retain  traces  of  oxide  of  copper.  With  a  solu* 
tion  of  carbonate  of  potassa,  carbonate  of  baryta  falls,  and  suiphuret 
of  potassium  remains  in  solution  ;  and  with  hydrochloric  acid  it  in- 
terchanges elements,  by  which  hydrosulphuric  acid  and  chloride  of 
barium  are  formed.    T. 

Strontium. 

aymb.  Sr    JS^iav.  43.S 

883.  This  metal  was  discovered  by  Davy  in  strontiOf  by  the  same  DiscoTerr. 
process  as  barium,  which  it  resembles. 

884.  Protoxide  of    Strontium,   Si+O,  Sr,  or  SrO,  43.8  1  eq.  Stnmtia. 
stron.  +8  1  eq.  oxy.  =  61.8  equiv.,  or  the  earth  Strontta,  is  so 

•  Iodide  of  Barium.    Ba+I,  or  Bal,  68.7  1  eq^  bar.  +  126.3  1  eq.  iod.  =  196  eqaiv.  lodkh. 

Bromide  qf  Barium.    Ba+Br,  or  BaBr,  66.7  I  eq.  bar.  -f  78.4  I  eq.  brom.  s 
147.1  eqaiv. 

Pbtoride  of  Barium.    Ba+P,  or  BaF,  68*7  I  eq.  bar.  +  18.68  1  eq.  flo.  =  87.38 
equiT. 


240 


MtUiik — CoHiium. 


How  ob- 


Conipon- 
tioo« 


Prepartiet. 


Salts. 


C'^P'JV'  called  from  Strontian  in  Scotlandi  where  it  was  first  discovered  in 
combination  with  carbonic  acid. 

It  may  be  prepared  either  by  subjectiDg  the  carbonate  to  a  strong  heat  in  a 
crucible,  or  by  igniting  the  nitrate  in  a  porcelain  retort  or  other  close  vessel.  A 
gray  substance  remains  which  becomes  very  hot  on  the  afiusion  of  water  ;  and 
when  more  water  is  added  and  heat  applied,  a  considerable  proportion  of  the 
earth  is  dissolved.  On  cooling,  the  solution  deposits  regalar  crystals;  bat  the 
shape  of  these  differs  oonsiderably  from  that  or  barytic  ciyatab. 

The  crvstals  of  strontia  are  thin  quadrangular  plates. 

885.  The  hydrate  consists  of  51.8  parts  or  1  eq.  of  strontia,  and 
9  parts  or  1  eq.  water.  The  crystals  contain  10  eq.  water  and  1 
strontia.    It  requires  50  times  its  weight  of  water  for  solution. 

886.  Pure  strontia  has  a  pungent,  acrid  taste,  and  when  powder- 
ed in  a  mortar,  the  dust  that  rises  irritates  the  lungs,  and  nostrils. 
Its  specific  gravity  approaches  that  of  baryta. 

887.  The  salts  of  strontia  are  best  prepared  from  the  native  car- 
bonate. Like  those  of  baryta,  they  are  precipitated  by  alkaline  car- 
bonates, and  by  sulphuric  acid  or  soluble  sulphates.  But  sulphate 
of  strontia  is  less  insolable  than  sulphate  of  baryta :  on  adding  sul- 
phate of  soda  in  excess  to  a  barytic  solution,  baryta  caufiot  aftei^ 
wards  be  found  in  the  liquid  by  any  precipitant;  but  when  strontia 
is  thus  treated,  so  much  sulphate  of  strontia  remains  in  solution, 
that  the  filtered  liquid  yields  a  white  precipitate  with  carbonate  of 
soda.  The  salts  of  strontia  are  not  poisonous  ;  and  most  of  them, 
when  heated  on  platinum  wire  before  the  blow-pipe«  communicate 
to  the  flame  a  red  tint.* 

888.  Chloride  of  Strontium,  Sr+Cl,  or  SrCl,  43.8  1  eq.  stron. 
-{-  35.42  1  eq.  chlor.  =  79.22  equiv.  This  compound  is  formed  by 
processes  similar  to  those  for  jH'eparing  chloride  of  barium,  and  crys- 
tallizes in  colourless  prismatic  crystals,  which  deliquesce  in  a  moist 
atmosphere,  require  only  twice  their  weight  of  water  ait  60^  for  so- 
lution, and  still  less  of  boiling  water,  and  are  soluble  in  alcohol. 
The  alcoholic  solution,  when  set  on  fire,  burns  with  a  red  flame. 
These  characters  aflbrd  a  certain  mode  of  distinguishing  strontia 
from  baryta.  The  crystals  consist  of  79.22  parts  or  1  eq.  of  chloride 
of  strontium,  and  81  parts  or  9  eq.  of  water,  which  are  expelled  by 
heat.  The  anhydrous  chloride  fuses  at  a  red  heat,  and  yields  a 
white  crystalline  brittle  mass  on  cooling,t 

Caleium. 

Sipnb,  Ca      Eq.  2Q4» 

How  ob-        889.  When  Time  is  electrized  negatively  in  contact  with  mercury, 
tatned.       an  amalgam  is  obtained,  which,  by  distillation,  afibrds  a  white  met- 


Chloride. 


PhozM*. 


lodidt. 


*  Peroxide  of  Strontium,  Si4a0  or  SrO*.  43  8  1  ea.  stion.  +  16  9  eq.  oxy  s  69.8 
eqniT.i.ispreDared  io  tbe  same  way  as  peroxide  of  oariom,  and  like  it,  is  resolTed 
by  dilute  acids  into  strontia  and  oxygsn,  the  laUer  of  which  forms  peroxide  of  hydro- 
gen with  the  water. 

t  Iodide  of  StnmHvmj  SH-I,  or  Sri,  43.8  1  eq.  stron.  H-  186.3  1  eq.  iod.  s=  170.1 
cqniv.,  may  be  prepared  ui  the  same  manner  as  tbat  of  bariom.  It  is  very  soluble  in 
water. 

Fluoride  qf  Stroniitun  and  ProtonUphttrd  qf  StronUvmy  Srf  F  or  SrF,  43.8  1  eq. 
stron.  + 18.68  1  eq.  flnor.  =  63.48  equiv.  and  SrfS  or  SrS,  43.8  1  eq.  stron.  +  16.1 
1  eq.  snip,  s  S9.9  eqoiv.  ere  obtained  like  those  of  barium. 
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h].     It  has  been  called  calcium^  and  when  exposed  to  air,  and  gently  s«ct.  iif. 
heated,  it  burns  and  produces  the  oacide  of  ealeium  or  lime, 

890.  Protoxide  of  Calcium,  Ca+0,  Ca,  or  CaO,  20.5  1  eq.  calc.  ProtoxWe 
8  1  eq.  oxy.  =  28.5  equiv.     This  compound,  commonly  known  by  2,2"*^ 
the  name  of  lime  and  quicklime^  is  obtained  by  exposing  carbonate 

of  lime  to  a  strong  red  heat,  so  as  to  expel  its  carbonic  acid.  If  lime 
of  great  purity  is  reauired,  it  should  be  prepared  from  pure  carbonate 
of  lime,  such  as  Iceland  spar  or  Carrara  marble.  Its  colour  is  gray, 
it  is  acrid  and  caustic ;  its  sp.  gr.  is  about  2.3. 

891.  It  is  very  difficult  of  fusion,  but  remarkably  promotes  the  FutUnlity. 
fusion  of  most  other  earthy  bodies,  and  is  therefore  used  in  several 
metaHurgic  processes  as  a  cheap  and  powerful  flux.     When  quite 

pure  it  can  only  be  fused  in  very  minute  particles  by  the  oxy-hydro- 
gen  blow-pipet  or  by  the  Voltaic  flame.  It  is  an  essential  ingredient  in 
mortar,  and  other  cements  used  in  building.  Exposed  to  air  it 
becomes  white  by  the  absorption  of  water  and  a  little  carbonic  acid. 

892.  It  has  a  powerful  a&nity  for  water.     When  a  small  quantity 

of  water  is  poured  upon  lime,  there  is  a  great  rise  of  temperature  o^-^^ 
resulting  from  the  solidification  of  a  portion  of  the   water,  and  a    ^ 
white  powder  is  obtained,  called  slaked  lime,  which  is  a  hydrate,  and 
appears  to  consist  of  one  eq.  water  ?=9-|-one  eq.  lime  »  28.5. 

Some  care  is  necessary  in  its  preparation,  lest  more  water  should 
be  added,  than  is  essential  to  its  constitution.  It  aflbrds  a  very  con- 
venient form  of  keeping  lime,  for  occasional  use  in  a  laboratory ; 
for  the  hydrate  may  safely  bo  preserved  in  glass  bottles,  which  are 
almost  constantly  broken  by  the  earth,  if  enclosed  in  its  perfectly 
dry  state. 

893.  The  degree  of  heat  produced  by  the  combination   of  lime  Heat, 
with  water,  is  supposed  by  Dalton  to  be  not  less  than  800°,  and  is 
sufficient  to  set  fire  to  some  inflammable  bodies. 

Place  a  large  lump  of  well  burned  quicklime  oa  an  iron  dish  and  add  Bxp. 
a  smali  quantity  of  water,  a  piece  of  phosphorus  resting  on  it  will  be  ignited. 

When  a  large  quantity  of  lime  is  suddenly  slaked  in  a  dark  place, 
even  light,  according  to  Pelletier,  is  sometimes  evolved. 

894.  When  a  sufiScient  quantity  of  water  has  been  added  to  re-  Milk  of 
duce  lime  into  a  thin  liquid,  this  is  called  milk  or  cream  of  lifne.  ^""** 
By  the  addition  of  more  water  the  solution  known  as  lime  water  Water  of, 
is  obtained*     When  sufficiently  cool  it  should  be  poured  into  a  well 
stopped  bottle  until  the  undissolved  pans  have  subsided,  and  be  then 
decanted  and  kept  from  the  air. 

Lime  is  very  sparingly  soluble  in  water,  viz.  in  the  proportion  of 
about  lto778.* 

895.  Lime-water  is  limpid  and  colourless;  its  taste  is  nauseous,  ^P*'^^ 
acrid,  and  alkaline,  and  it  converts  vegetable  blues  to  green.     When  ^terT 
exposed  to  the  air,  a  pellicle  of  carbonate  of  lime  forms  upon  its  sur- 
face, which,  if  broken,  is  succeeded  by  others,  until  the  whole  of  the 

*  According  to  Thomson  I  to  768.  The  experiments  of  Dalton  tend  to  establish  a 
curioas  fact  respecting  the  solubility  of  lime,  viz.  that  it  dissolves  mora  plentifoUy 
in  cold  than  in  hot  water  3  he  found  that  at  60^  F.  778  grains  of  water  dissoWe  I  grain 
of  lime,  and  at  212*',  1270  mios  were  required.  He  further  infers  that  at  the  freezing 
point  water  would  probably  take  up  nearly  twice  as  much  lime  as  is  dissohed  by 
Doiling  water— this  has  been  confirmed  by  Phillips.— ilnn.  Philot.  N.  S.  1.  tor. 
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Ch^p-  '▼'  lime  is  thus  separated  in  the  form  of  an  insoluble  carbonate.    It  is 
used  in  medicine  as  an  antacid,  and  is  a  good  test  of  the  presence 
****         of  carbonic  acid  gas. 

p.  Into  transparent  lime  water  pass  caibonie  actd,  or  breathe  into  it  by  means  of 

^'  a  fflaas  tube,  it  will  become  milky  and  opaque  from  the  formation  of  carbonate 

orlime.    If  an  excess  of  carbonic  acid  is  added  the  carbonate  is  dissolved  and 
transparency  restored. 

Test  of.  ^^*  l^be  most  delicate  test  of  the  presence  of  lime  is  oxalate  of 

ammonia  or  potassa ;  for  of  all  the   salts  of  lime,  the  oxalate  is  the 
most  insoluble  in  water.     This  serves  to  distinguish  lime  from  most 
substances,  though  not  from  baryta  and  strontia  ;  because  the  oxa* 
lates  of  baryta  and  strontia,  especially  the  latter,  are  likewise  spar- 
ingly soluble.* 
Chloride  of     8^7.  Chloride  of  Caldum,  Ca+CI,  or  CaCl,  20.5  1  eq.  calc.  -+- 
caletom.     36.42  I  eq.  chlor.  =  55.92  equiv.,  is  produced  by  heating  lime  in 
chlorine,  in  which  case  oxygen  is  evolved ;  or  by  evaporating  hydro^ 
chlorate  of  lime  to  dryness,  and  exposing  the  dry  mass  to  a  red  heat 
in  close  vessels.     In  this  case  the  hydrochloric  acid  is  decomposed ; 
its  hydrogen  uniting  with  the  oxygen  of  the  lime,  escapes  in  the 
state  of  water ;  and  the  chlorine  unites  with  the  calcium. 
Comoosi-       ^^'  "^^^^  compound  has  a  strong  attraction  for  water ;  it  deli- 
tiuo  and     quesces  when  exposed  to  the  air,  and  becomes  what  used  to  be  cal- 
properties.  led  oU  of  lime.     It  is  difficultly  crystallizable  from  its  a(jueous  solu- 
tion ;  with  care,  however,  it  may  be  obtained  in  irregular  prisms, 
consisting  of  55*92  parts  or  1  eq.  of  chloride  of  calcium,  and  54 
parts  or  6  eq.  water.    Its  taste  is  bitter  and  acrid ;  one  part  of  water 
at  60°  dissolves  four  parts  of  the  chloride.    Its  solubility,  however, 
is  greatly  influenced  by  temperature.     It  is  copiously  soluble  in  al- 
cohol, and  much  heat  is  evolved  during  the  solqtion.     When  fused 
it  acquires  a  phosphorescent  property  as  was  first  observed  by  Hom- 
Homberg*s  berg,  and  is  hence  termed  Homberg^s  phosphorus.    It  is  abundantly 
P'^^^'P^     produced  in  the  manufacture  of  carbonate  of  ammonia,  from   the 

decomposition  of  hydrochlorate  of  ammonia  by  lime. 
Uses.  ^^   ^^  ^^  ^^^  ^^^  frigorific  mixtures  with  snow,  and  for  this  pur- 

pose the  hydrous  chloride  is  preferable,  prepared  by  evaporating  its 
solution  so  far  that  the  whole  becomes  a  solid  mass  on  removal  from 
the  fire.     It  should  be  kept  in  bottles  well  secured  from  the  air. 

In  its  fused  state  this  compound  is  very  useful  for  drying  certain 
gaseous  bodies,  but  where  the  quantity  of  the  gas  is  to  be  ascertain- 
ed, its  powers  of  absorption  in  certain  cases  must  not  be  overlooked. 
Pelletier  has  stated,  that  if  carbonic  acid  be  passed  through  a  solu- 
tion of  hydrochlorate  of  lime,  the  whole  becomes  a  hard  solid  mass. 
If  sulphuric  acid  be  poured  into  a  strong  solution  of  hydrochlorate  of 
lime,  the  whole  congeals  into  a  solid  mass  of  sulphate  of  lime  (61). 

*  All  these  oxalates  dissoWe  readily  in  water  acidulated  arith  nitric  or  hydrochloric 
add.  It  is  disliDguished  from  baryu  and  vtrootia  by  the  fact,  that  nitrate  of  lime 
yields  prismatic  crystals  by  eTaporatiou,  is  a^fi^^®*^"^  ^^  *  ^^^  degree,  and  Tery 
soluble  in  alcohol ;  while  the  nitrates  of  baryta  and  strontia  crystallize  in  regular 
oetohcdroos  or  segments  of  the  octohedron,  undergo  do  change  on  exposure  to  the  air, 
except  when  it  is  Tery  moist,  and  do  not  dissolve  in  pure  alcohol.    T. 

Peroxide  of  Caldum,  Ca-f«0,  or  CaO«,  20.6  1  eq.  calc.  +  16  2  eq.  orv.  =  86.6 
equiv.  It  is  prepared  in  the  same  way  as  peroxide  of  oarium,  and  is  similar  in  its 
properties. 


Bleaekit^  Powder.  H^ 

900.  It  absorbs  large  quaDtittes  of  ammoniacal  gas,  during  which    8<ct.nf. 
it  swells,  cracks,  and  at  last  crumbles  down  into  a  white  powder.  Abtorfif 
With  water  it  forms  a  strong  alkaline  solution.     Heated  it  gives  off  a™°><'|"^ 
ammonia  and  the  chloride  remains.     Immersed  in  chlorine,  the  am- 
monia bums  off  with  a  pale  yellow  flame.     Twenty  grains  of  the 
compound  furnish,  when  heated,  about  20  cubic  inches  of  ammonia  ; 
Faraday  availed  himself  of  it  for  the  liquefaction  of  ammonia.* 

901.  The  chloride  of  lime  is  abundantly  employed  as  a  bleaching  ..     . . 
material,  and  known  by  the  name  of  Heaching  powder  ;  it  is  manu«  pow^r.°' 
factured  by  passing  chlorine  into  leaden  chambers  containing  hy- 
drate of  lime  in  fine  powder,  by  which  the  gas  is  copiously  absorbed 

with  evolution  of  heat.     When  heated  it  gives  off  a  large  quantity  of 
oxygen,  and  a  chloride  of  calcium  results,  showing  the  superior  at- 
'  traction  of  calcium  for  chlorine  compared  to  oxygen,  the  latter  being 
expelled  from  the  lime. 

The  composition  of  bleaching  powder  has  been  variously  stated.  CompMi- 
Dalton  considers  it  as  a  hydrated  subchloride  of  lime,  containing  two  ^b. 
proportions  of  lime  and  one  of  chlorine  ;t  and  the  same  opinion  is 
adopted  by  Thomson,^  and  by  Welter.^  According  to  Urell  the 
quantity  of  chlorine  absorbed  is  variable.  That  manufactured  at 
(Glasgow  is  stated  by  Thomson  to  be  a  compound  of  one  atom  of  chlo- 
rine and  one  of  lime.lT 

*  Fiaraday  in  Jour.  Roy*  Itut,  y.  74.    fAnn.  ofPhUot,  i.  15  and  ii.  0.    X  lb.  xt.  401 . 

iAnn,  de  Chim.  et  Phye.  Tii.  383.  (I  Quart.  Jow.  ziii.  21. 

IT  Aa  the  Taloe  of  chloride  of  lime  depends  on  the  quantity  of  chlorine  which  it  con- 
tains, and  as  this  varies  considerably,  several  methods  for  ascertaioing  its  stren^h 
have  been  proposed.  One  consists  in  adding  a  given  quantitv  of  the  dilated  solution 
to  a  solution  of  indigo  in  sulphuric  acid  of  a  known  strengin  ;*  the  strength  of  the 
chlorine  being  indicated  by  the  quantity  of  the  solution  whica  it  can  decolorize.  Mo« 
rin  has  proposed  a  solution  of  the  hydrochlorate  of  manganese  as  a  substitute  for  this, 
as  siring  more  accurate  indications,  the  lime  combining  with  the  hydrochloric  acid, 
andpreapitating  the  brown  oxide  of  manganese,  while  the  chlorine  is  disengaged ; 
the  quantity  of  the  hydrochlorate  decomposed  corresponding  with  the  chlorine  set  at 


combining  with  the  hydrochloric  acid  and  forming  hydrochlorate  of  lime,  while  the 
chlorine  takes  hydrogen  from  the  ammonia  and  disengages  nitrogen  (420). 

An  instrument  for  the  speedy  analysis  of  this  substance  has  been  described  by  Vte.t 
It  consists  of  a  glass  tube^  (Fig.  176,)  of  about  five  cubic  inches  capa-       pig  n% 
city,  graduated  into  cubic  inches  and  tenths.    It  is  closed  at  top  with  a      fa,„^  Un'i  uMhod 

brass  screw  cap,  and  at  its  recurved  end  below,  with  a  good  cork.  Pour     Vf^  oftMiriia 

mercury  into  the  upper  orifice,  tiU  the  tube  be  nearly  full,  leaving 
merely  space  to  insert  ten  grains  of  the  bleaching  powder,  made  into  a 
ftellet  form  with  a  drop  of  water.  Screw  in  the  cap-plug  rendered  air- 
tieht  by  leather.  Remove  now  the  cork  from  the  lower  end,  (also  full 
of  mercury,)  and  replace  a  little  of  the  liquid  metal  by  dilute  hydro- 
chloric acid  (sp.  gr.  1.1).  By  dexterous  inclination  of  the  instrument, 
the  acid  is  made  to  flow  up  through  the  mercury.  Instant! v  on  its  co- 
ming in  contact  with  the  pellet,  the  chlorine  is  disengaged,  toe  mercury 
flows  out  into  a  basin  ready  to  receive  it,  while  the  resulting  film  of 
hydrochlorate  of  lime  protects  the  surface  of  the  metal  almost  com- 
pletely from  the  gas. 

The  same  instrument  may  be  employed  for  ascertaining  the  quantity 
of  carbonic  acid  in  limestone,  &c.§ 

Estimating  a  cubic  inch  of  chlorine  in  round  numbers  at  I  of  a  grain,  we  may  expect 
10  i^rains  of  bleaching  powder  to  yield  from  3  to  4  cubic  inches  of  that  gas,  or  by 
weight,  from  20  to  30  per  cent.    Ure. 

*  As  the  quantity  of  indigo  vsries,  this  teat  cannot  bs  ralisd  upon.    Sse  .AMf\  Jmr.  xvU.  170. 
tJmtr.  Roy.  huH.  vi.    X  J'^'  ^*  ^^wt  zttl*  91.     (See  Urt^s  Ckm  Dtu.  article  CarbonMt. 


944  Jibtuh^Cakhm. 

cimi.iY>  902.  Fluoride  of  Caldum^Fluor  Spar.  Ca+F,  or  CaF,  20.5 
1  eq.  cal.  -f*  18-68  1  eq.  flu.  =  39.18  equiv.  Fluor  spar  is  a 
mineral  found  in  many  parts  of  the  world,  but  in  great  beauty 
and  abundance  in  England,  and  especially  in  Derbyshire.  Here 
it  is  commonly  called  Derbyshire  spar^  or  by  the  miners  of  that 

Vlnor  tpar.  county  line  John.^  It  is  usually  found  in  cubic  crystals,  which 
may  easily  be  cleaved  into  octohedra,  sometimes  considered  as  its 
primitive  form.  Its  colours  are  extremely  various.  Its  specific 
gravity  is  3.15.  It  is  perfectly  tasteless  and  insoluble  in  water. 
When  thrown  in  powder  upon  a  plate  of  iron  heated  below  redness 
in  a  dark  place,  it  emits  a  phosphorescent  lightt 

l'*"!*'^**'  903.  Fluoride  of  calcium  fuses  at  a  red  heat  without  farther 
change.  It  is  insoluble  in  water,  slightly  soluble  in  hot  diluted  hv- 
drochloric  acid,  and  is  decomposed  by  sulphuric  acid  aided  by  gentle 
heat,  affording  hydrofluoric  acid  (71d).t 

ProioMii.        904   Protosulphuret  of  Calcium,    Cbt^S^  or  CaS,  20.6  1  eq.  cal. 

phatet.  -|-  16.1  1  eq.  sulph.  =  36.6  equiv.  This  compound  may  be 
prepared  by  reduction  from  the  sulphate  by  hydrogen  or  charcoal, 
and  when  pure  is  while  with  a  reddish  tint,  and  is  very  sparingly 
soluble  in  water.  It  has  the  property,  in  common  with  suiphuret 
of  barium,  of  being  phosphorescent  after  exposure  to  light,  and 
appears  to  be  the  essential  ingredient  of  Canton's  phosphorus. 
When  3  parts  of  slaked  lime,  1  of  sulphur,  and  20  of  water,  are 

^^aipbo-  ^j]^^  together  for  an  hour,  and  the  solution,  without  separation  from 
the  sediment,  is  set  aside  in  a  corked  flask  for  a  few  days,  a  copious 
deposite  of  orange-coloured  crystals  takes  place,  which,  when  slowly 
formed,  are  flat  quadrilateral  prisms.  These,  from  the  analysis  of 
Herschel,^  appear  to  be  bisuLphuret  of  calcium  with  3  eq.  of  water. 
They  are  decomposed  by  exposure  to  the  air,  and  are  of  sparing  so- 
lubility in  water. 

When  either  of  the  foregoing  sulphurets  is  boiled  in  water  along 
with  sulphur,  a  yellow  solution  is  formed  containing  calcium  com- 
bined with  five  equivalents  of  sulphur.jl 

905.  Phospkuret  of  Calcium.    Ca+P,  or  CaP,  20.5  1  eq.  cal  + 

PlMMpho-  157  1  eq.  phos.  =  36.2  equiv.  It  is  formed  by  passing  the 
vapour  of  phosphorus  over  fragments  of  quicklime  at  a  low  red 
heat  ;ir  when  a  brown  matter  is  formed,  consisting  of  phosphate  of 

*  It  occurs  in  Tariouf  PArts  of  the  Uoited  States — 1  hat  from  Sbawneetowo,  niioois,  is 
particularly  beaottfol.    For  other  localities  see  CleaTelaud's  aod  Dana's  dUneralcgy. 

t  It  may  be  prepared  artificially  by  digesting  moist,  recently  precipitated,  c|rbonate 
of  lime  in  au  excess  of  hydrofluoric  acid;  or  by  mixing  a  solution  of  chloridqf'of  calci- 
um with  fluoride  of  potassium  or  sodium.  As  prepared  in  the  latter  mode,  it  is  a 
bulky  gelatinous  mass,  which  it  is  rery  diflicult  to  wash ;  whereas  the  former  method 
gives  it  in  the  state  of  a  granular  white  powder,  which  may  be  washed  with  ease. 

t  Iodide  of  Ccdcium.    Ca+I.  or  Cal,  20.6  I  eq.  cal.-|-126.3  1  eq.  iod.  =  146.8  equiv. 
Bromide  ^f  Calcium.    Ca+Br,  or  CaBr,  20.6  I  eq.  cal.  +  78.4  1  eq.  brom.  :±= 
98.9  equiy.  '  Sdin.  PkUoB,  Jour.  1.  p.  1 1 ,  &c. 

It  Bitulpkurd  qf  Qdeivm.  Ga+SS,  or  CaS»,  20.6  1  eq.  cal.  -f  32.2  2  eq.  snlpb.  = 
62.7  equiv. 

Qumtotti^/iicril  q/*  Caieium,  Ca-+6S,  or  OnS/^t  ^-6  I  eq.  cal.  +  80.6  6  eq.  sulph. 
8  lot  equiv. 


nt. 


IT  Select 


Bow  piwBnd- 

and  one 


ct  a  green  glass,  or  porcelain  tube,closed  at  one  end,  and  about  18  inches  long, 
inch  diameter,  and  earsfglly  cover  it  with  a  clay  lute  containing  a  very  UttTe 


JM^tmuMn. 


245 


lime  and  phosphuret  of  calcium.    When  put  intp  water,  mutual  Bwt-  m* 
decomposition  ensues,  and  phosphuretted  hydrogen,  hypophospho- 
rous  acid,  and  phosphoric  acid  are  generated  (777). 

Drop  a  nnall  piece  of  it  into  a  wine-glaae  of  water,  and  in  a  ■hort  dme  bubbles  Ezp. 
of  phosphuretted  hydrogen  gas  will  be  produced ;  which,  rising  to  the  sur- 
ikce  will  take  fire,  and  explode.    If  the  phospburet  of  lime  be  not  perfectly  fieah, 
it  may  be  proper  to  warm  the  water  to  which  it  is  added. 

Into  an  ale-glass  put  one  part  of  the  phospburet  in  pieces  of  about  the  size  of  EUp. 
a  pea  (not  in  powder),  and  add  to  it  half  a  part  of  chlorate  of  potassa.  Fill  the 
glass  with  water,  and  put  into  it  a  funnel,  with  a  long  pipe,  or  narrow  glass  tube, 
reaching  to  the  bottom.  Through  this  pour  three  or  tour  parts  ol  strong  sulpbu* 
ri«  acid,  which  will  decompose  the  chlorate ;  and,  the  phospburet  also  decom- 
posing the  water  at  the  same  time,  flashes  of  fire  dart  from  the  surface  of  the  fluid, 
and  the  bottom  of  the  vessel  is  illuminated  by  a  beautifiil  green  light. 

MagTteshim. 

8ymb,  Hg    Equiv.  12.7* 

906.  The  existence  of  this  metal  was  demonstrated  by  Davy,  but  piaeoTery. 
it  was  first  obtained  in  any  quantity  by  Bussy,  in  1830  by  means  of 
potassium. 

907.  For  this  purpose  five  or  six  pieces  of  potassium,  of  the  size  of  peas,  were  pfQ^sg  for. 
introduced  into  a  glass  tube,  the  sealed  extremity  of  which  was  bent  into  the 

form  of  a  retort,  and  upon  the  potassium  were  laid  fragments  of  chloride  of  mag- 
nesium. The  latter  being  then  heated  to  near  its  point  of  fusion,  a  lamp  was 
applied  to  the  potassium,  and  its  vapour  transmitted  throuch  the  mass  of  heated 
onioride.  Vivid  incandescence  immediately  took  place,  and  on  putting  the  mass, 
afler  cooling,  into  water,  the  chloride  of  potassium  with  undecomposed  chloride 
of  magnesium  was  dissolved,  and  metallic  magoesium  subsided.  These  results 
have  been  since  confirmed  by  Liebig.t 

906.  Magnesium  has  a  brilliant  metallic  lustre,  and  a  white  colour  properties, 
like  silver ;  is  very  malleable,  and  fuses  at  a  red  heat.  Moist  air  ox- 
idizes it  superficially ;  but  it  undergoes  no  change  in  dry  air,  and 
may  be  boiled  in  water  without  oxidation.  Heated  to  redness  in  air 
or  oxygen  gas,  it  burns  with  brilliancy,  yielding  magnesia ;  and  it 
inflames  spontaneously  in  chlorine  gas.  It  is  readily  dissolved  by 
dilute  acids  with  disengagement  of  hydrogen,  and  the  solution  is 
found  to  contain  a  pure  salt  of  magnesia. 

909.  Protoxide  of  Magnesium.    MG+O,  Mg,  or  MgO,  12.7  1 

• 

borax.  Pat  an  ounce  of  phosphorus  broken  into  small  pieces  into  the  lower  end,  aod 
fiU  it  up  with  pieces  of  clean  qaicklime,  about  the  size  orlarge  peas ;  place  it  in  an  in- 
clined position  in  a  fomace,  so  that  the  end  containing  the  phospboms  may  protrude, 
while  the  upper  part  of  the  tube  is  healing  lo  redness }  then  slowly  draw  the  cool  part 
into  the  fire,  by  which  the  phosphorus  will  be  volatilized,  and  passing  into  the  red-hot 
lime,  oooTert  a  portion  of  it  into  pbosphnret.  Care  should  be  taken  that  no  conside- 
rable portion  ot  phosphorus  escapes  and  bums  away  at  the  open  end  of  the  tube,  Pr«p«tiM. 
which  afler  the  process,  should  be  corked  and  suffered  to  cool.  lis  contents  may  then 
be  shaken  opon  a  sheet  of  paper,  and  the  brown  pieces  picked  ont  and  carefully  pre* 
served  in  a  well  stopped  phial  s  the  white  pieces,  or  those  which  are  only  pale  browo, 
must  be  rejected. 

An  easier  method  is,  by  throwing  a  piece  of  dry  phosphorus  into  a  crucible  with 
a  few  fragments  of  lime  (each  alioni  the  size  of  a  pea),  at  the  bottom,  and  st  a  bright 
red  heat,  an  assistant  putting  on  a  oo?er,  or  inverting  it  immediately  on  a  flat  plate  of 
iron,  at  the  same  time  throwing  a  quantity  of  sand  round  it  to  close  any  aperture.  The 
experiment  may  be  made  with  20  or  30  grains  of  phospboms,  and  about  69  or  70 
of  lime  in  a  small  crucible.    R.    iSee  Mitchell's  process,  page  2IS,  Note. 

*  Inferred  by  Berzeiias  from  the  quantity  of  sulphate  obtained  from  a  known 
weight  of  pore  magnesia. 

t  Arm.  de  CMm.  et  de  Phy$.  zlvi.  4dfi. 
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chmp.  IV.  eq.  mag.  +  8  1  eq.  oxy.  =  20.7  equiv.  This,  the  only  known 
Protoxide  oxide  of  magnesiam,  commonly  known  by  the  name  of  magnegia,  is 
or  magne-  \^q^i  obtained  by  exposing  carbonate  of  magnesia  to  a  very  strong  red 
'^'  heat,  by  which  its  carbonic  acid  is  expelled.     It  is  a  white,  friable 

powder,  of  an  earthy  appearance ;  and,  when  pare,  it  has  neither 
taste  nor  odoar.  Its  specific  gravity  is  about  2.3,  and  it  is  exceed- 
ingly infusible.  Brande  once  succeeded  in  agglutinating  a  small 
portion  of  this  earth  in  the  Voltaic  flame,  and  whilst  exposed  to  this 
high  temperature,  it  was  perfectly  fused  by  directing  upon  it  the 
flame  of  oxygen  and  hydrogen. 

910.  It  has  a  weaker  affinity  than  lime  for  water;  for  though  it 
wmunT  ^   forms  a  hydrate  when  moistened,  the  combination  is  effected  with 

hardly  any  disengagement  of  caloric,  and  the  product  is  readily  de- 
composed by  a  red  heat.* 

Magnesia  dissolves  very  sparingly  in  water.  According  to  Fyfe, 
it  requires  5142  times  its  weight  of  water  at  60°,  and  36.000  of 
boiling  water  for  solution.  The  resulting  liquid  does  not  change 
the  colour  of  violets;  but  when  pure  magnesia  is  put  upon  moistened 
turmeric  paper,  it  causes  a  brown  stain.  From  this  there  is 
.  no  doubt  that  the  inaction  of  magnesia  with  respect  to  vegetable  co- 
auoa.  \q^^^  when  tried  in  the  ordinary  mode,  is  owing  to  its  insolubility. 
It  possesses  the  still  more  essential  character  of  alkalinity,  that, 
namely,  of  forming  neutral  salts  with  acids,  in  an  eminent  degree.  It 
absorbs  both  water  and  carbonic  acid  when  exposed  to  the  atmos- 
phere, and,  therefore,  should  be  kept  in  well  closed  phials. 

911.  Magnesia  is  characterized  by  the  following  properties.  With 
^pnrties.  nitric  and  hydrochloric  acid  it  forms  salts  which  are  soluble  in  alco- 
hol, and  exceedingly  deliquescent.  The  sulphate  of  magnesia  is  very 
soluble  in  water»  a  circumstance  by  which  it  is  distinguished  from 
the  other  alkaline  earths.  Magnesia  is  precipitated  from  its  salts  as 
a  bulky  hydrate  by  the  pure  alkalies.  It  is  precipitated  as  carbonate 
of  magnesia  by  the  carbonates  of  potassa  and  soda  ;t  but  the  bicar- 
bonates  and  the  common  carbonate  of  ammonia  do  not  precipitate 
it  in  the  cold.  If  moderately  diluted,  the  salts  of  magnesia  are  not 
precipitated  by  oxalate  of  ammonia.  By  means  of  this  reagent 
magnesia  may  be  both  distinguished  and  separated  from  lime. 

^^^  912.  Chloride  of  Magnesium,  Mg-|-Cl,  or  MgCl,  12.7  1  eq.  mag. 

^*'*"*  -j-  35.42  1  eq.  =  48.12  equiv.  This  may  be  prepared  by  trans- 
mitting dry  chlorine  gas  over  a  mixture  of  magnesia  and  charcoal  at 
R  red  heat ;  but  Liebig  has  given  an  easier  process,  which  consists 
in  dissolving  magnesia  in  hydrochloric  acid,  evaporating  to  dryness, 
mixing  the  residue  with  its  own  weight  of  hydrochlorate  of  ammo- 
nia, and  projecting  the  mixture  in  successive  portions  into  a  platinum 
crucible  at  a  red  heat.  As  soon  as  the  ammoniacal  salt  is  wholly 
expelled,  the  fused  chloride  of  magnesium  is  left  in  a  state  of  tranquil 

*  The  native  hydrate  is  foood  at  Hoboken,  N.  J.,  it  consists  of  70  magnesia  and  30 
water. 

t  The  carbonate  of  maffoesia,  used  in  medicine,  and  for  experimental  parposes,  is 
prepared  by  niizing  hoc  soTotions  of  carbonate  of  potassa  and  sulphate  of  ma^esia  (Ep- 
som salts).    The  carbonic  acid  is  expelled  b^  moderate  heat,  and  the  residue  ispore 
CAidMd  m»§-  magnesia ;  being  prepared  by  calcination,  it  is  known  as  calcined  magnetia.    When 
—"  incautiously  used  for  a  bug  time  it  may  produce  ▼ery  serious  e?ilt,  a  remarkable  case 

iias  boea  nportcd  by  Brande  in  J9ur  JRe/g,  hietU,  i. 


Muminium.  247 

fusion,  and  on  cooling  becomes  a  transparent  colourless  mass,  which   Sacu^V' 
is  highly  deliquescent,  and  is  very  soluble  in  alcohol  and  water,* 


Section  IV.    Metallic  Bases  of  the  Earths. 

913.  Alurninivm*    A),  eq.  13.7.    Alumina  constitutes  some  of  the  Alominoiis 
hardest  gems,  such  as  the  sapphire  and  ruby  \  and  combined  with  n*"**"!*- 
water,  it  gives  a  peculiar  softness  and  plasticity  to  some  earthy  com- 
pounds, such  as  the  difier^nt  kinds  of  clay, — The  experiments  of 

Davy  aflfbrded  a  strong  presumption  that  alumina  is  a  metallic  oxide ;  Alami- 
but  its  base,  aluminium^  he  did  not  obtain  in  such  a  state  as  to  °^'""' 
make  its  properties  an  object  of  investigation.      Yet  alloys  were 
formed  which  gave  sufficient  evidence  of  its  existence,  and   the 
presence  of  oxygen  in  alumina  was  proved,  by  its  changing  potas- 
sium into  potassa,  when  ignited  with  that  metal. 

914.  Aluminium  has  since  been  procured  by  Wohlert  by  decom- 
posing the  chloride  by  means  of  potassium.     The  action  is  very  vio- 
lent, and  accompanied  with  such  intense  heat  that  a  crucible  of  pla-^^*"****^®'* 
tinum  is  required. 

915.  The  aluminium  is  generally  in  small  scales  of  a  nnetallic  properties, 
lustre,  or  in  slightly  coherent  spongy  masses  with  the  lustre  of  tin. 

It  conducts  electricity  in  its  fused  state,  but  in  the  form  of  powder 
it  does  not.     Its  fusing  point  is  higher  than  that  of  cast  iron.     At  a  pg^i^jijiy 
red  heat  it  takes  fire  in  the  air,  and  alumina  is  formed ;  in  oxygen 
gas  it  bums  with  intense  light  and  heat. 

It  is  not  oxidized  by  water  at  common  temperatures;  oxidation  Action  of 
commences  when  the  water  is  near  its  boiling  point*  but  even  after  water, 
continued  boiling  it  is  very  slight. 

916.  Sesquioxide  of  Aluminium.    2Al-|-30,  Al,  or  Al'O',  27.4AlQmuia. 
2  eq.  alum.  4~  ^  3  eq.  oxy.  =  51.4equiv.    This  is  one  of  the  most 
abundant  earths  in  nature,  being  a  constituent  of  many  rocks,  the 
difierent  kinds  of  clay,  and  of  some  of  the  hardest  gems,  as  the  ruby 

and  sapphire. 

917.  Alumina  may  be  obtained  by  disaolviiig  purified  alumt  in  four  or  fiye  Obtained, 
times  its  weight  of  boiling  water,  addinc  a  slight  excess  of  carbonate  of  potassa, 

and  after  digesting  for  a  few  minutes,  the  bulky  hydrate  of  alumina  may  be  col- 
lected on  a  niter  and  well  washed  with  hot  water.  If  an  excess  of  alkali  is  not 
employed  the  precipitate  will  retain  some  sulphuric  aoid.S 

918.  Alumina  is  destitute  of  taste  and  smell;  moistened  with  Properties, 
water,  it  forms  a  cohesive  and  ductile  mass,  susceptible  of  being 
kneaded  into  a  regular  form.    *It  is  not  soluble  in  water ;  but  retains 
a  considerable  quantity,  and  is,  indeed,  a  hydrate,  containing  when 
dried  at  the  temperature  of  the  atmosphere,  almost  half  its  weight  of 

*  For  other  compounds  see  Turner's  Chem.       t  EkUn.  Jour,  q/*  Sd.  No.  xviL  17S. 

t  This  salt,  as  parchased  in  the  shops,  is  frequently  contaminated  with  peroxide  •f 
iron,  and  consequently  unfit  for  rosny  chemical  purposes  \  hut  it  mav  be  separated  from 
this  impurity  by  repeated  crystallization.  Its  absence  is  proved  by  the  alum  being 
soluble  without  residue  in  a  solution  of  pure  potassa ;  whereas  when  peroxide  of  iron 
is  present,  it  is  either  left  undissolyed  m  the  first  instance,  or  deposited  after  a  few 
hours  in  yellowish-brown  flocks. 

§  But  the  alumina,  as  thus  prepared,  is  not  yet  quite  pure ;  for  it  retains  some  of  the 
alkali  with  such  fbrce,  that  it  cannot  be  separated  by  the  action  of  water.    Kor  this 
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Chap.  IV.  water.  Even  after  ignition,  alumina  has  snch  an  affinity  for  moist- 
ure, that  it  can  hardly  be  placed  on  the  scale  without  acquiring 
weight.^  It  is  dissolved  by  the  liquid  fixed  alkalies,  and  is  precipi- 
tated by  acids  unchanged.     In  ammonia  it  is  very  sparingly  soluble. 

919.  Alumina  has  the  property  of  shrinking  considerably  in  bulk, 
when  exposed  to  heat.  On  this  property  was  founded  the  pyrometer 
of  Wedgwood,  designed  to  measure  high  degrees  of  heat  by  the 
amount  of  the  contraction  of  regularly  shaped  pieces  of  China  clay. 

920.  Alumina  is  easily  recognised  by  the  following  characters. 
1.  It  is  separated  from  acids,  as  a  hydrate,  by  all  the  alkaline  carbo- 
nates, and  by  pure  ammonia.  2.  It  is  precipitated  by  pure  poiassa 
or  soda,  but  the  precipitate  is  completely  redissolved  by  an  excess  of 
the  alkali. 

921.  Sesquichloride  of  Aluminium,  2Al-f  3C1  or  Al'Cl",  27.4  2 
eq.  alumin.  -f-  106.26  3  eq.  chlor.  =  133.66  equiv.,  was  obtained 
by  Oersted,  by  transmitting  dry  chlorine  gas  over  a  mixture  of  alu- 
mina and  charcoal  heated  to  redness.  It  was  afterwards  prepared 
by  Wohler  as  follows. 

922.  He  precipitated  aluminous  earth  fVom  a  hot  solution  of  alum  by  means 
of  potassa,  and  mixed  the  hydrate,  when  dry,  with  pulverized  charcoal,  sugar, 
ana  oil,  so  as  to  form  a  thick  paste,  which  was  heated  in  a  covered  crucible  until 
all  the  oiganic  matter  was  destroyed.  By  this  means  the  alumina  was  brought 
into  a  state  of  intimate  mixture  with  finely  divided  charcoal,  and  while  yet  hot, 
was  introduced  into  a  tube  of  porcelain,  fixed  in  a  convenient  furnace.  Afler 
expelling  atmospheric  air  from  the  interior,  of  the  apparatus  by  a  current  of  dry 
chlorine  sas,  the  tube  was  brought  to  a  red  heat.  The  formation  of  sesquichlo- 
ride of  aluminium  then  commenced,  and  continued,  with  disengagement  of  car- 
bonic oxide  gas,  during  an  hour  and  a  half,  when  the  tube  became  impervious 
from  sublimed  sesquichloride  collected  within  it.  The  process  was  then  ne- 
cessarily discontinued. 

923.  It  is  of  a  pale  greenish  colour,  translucent,  lamellated,  and 
like  talc.  Exposed  to  air,  it  emits  fumes  having  an  odour  like  hy- 
drochloric acid,  and  deliquesces.  It  dissolves  in  water  with  a  hiss- 
ing noise  and  much  heat.  It  is  volatile  a  little  above  212°  and  fu- 
ses.! 

Glucinium. 

Symb.  Q.    Eqtdv.  26.5. 

Glocinium.  924.  This  is  the  metallic  base  of  the  earth  glucina,  and  was  obtained 
in  1828  by  Wohler,  by  the  action  of  potassium  on  the  chloridet 
as  in  the  case  of  the  last  described  metal;  it  appeared  as  a  gray 
powder  but  acauircd  a  metallic  lustre  by  burnishing',  and  was 
easily  oxidized.i 

ssBsonthe  pwtipitate  most  be  re-dissolviid  in  dilute  hydmchloric  acid,  and  thrown 
down  by  means  of  pure  ammonia,  or  its  carbonate.  This  precipitate,  after  being  well 
washed  and  exposed  to  a  white  heat,  yields  pure  anhydrous  alumina.  ^.Ammonia  can- 
not be  employed  for  precipitating  aluminous  earth  airectly  from  alum,  because  sul- 
phate of  alumina  is  not  completely  decomposed  by  this  alkali.  (Berzelius.)  An  easier 
process,  proposed  by  Gay-Lussac,  is  to  expose  sulphate  of  alumina  and  ammonia  to  a 
strong  heat,  so  as  to  expel  the  ammonia  and  sulphuric  acid. 
For  other  processes  see  lire's  Diet.  3.  147. 

*  Berzelius  found,  that  100  parts  of  alumina,  after  being  ignited  gained  15)  from  a 
dry  atmospbere,  ana  33  from  a  JMimid  one.  For  a  full  saturation,  100  grains  of  alu- 
mina, he  asceriatfied,  require  64  of  water.*    It  does  not  afifect  yegetable  colours. 

t  Aluminium  combines  with  sulphur,  phosphorus  and  selenium,  for  which  see  Tur- 
ner, 399.  t  Phil.  Mag.  and  Annaii,  y.  392. 

*JHn.  d§  Ckim.  §i  Pky$.  r.  101. 
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***  Sset*  IV* 

925.  Sesquioxide  of  Glucinium  or  Giudna,  2G-f-30,  6,  or  6*03,  —— ; 

was  discovered  by  Vauquelin  io  the  beryl,  emerald  and  euclase.         ide  or  gin- 

The  proceis  proposed  by  Bertbier  for  obtaining  it,  ia  to  mix  the  beryl  in  fine  ^"^^* 
powder  with  its  own  weig[ht  of  marble  and  expose  the  mixture  in  a  crucible  to  a  Process  for, 
strong  heat, 
drocbloric  or 
acid,  and  the 

acid  is  rendered  quite  insoluble.  The  alumina  and  glucina  are  then  redissoWed 
in  water  acidulated  with  hydrochloric  acid,  and  thrown  down  together  by  pure 
ammonia.  The  precipitate,  after  being  well  washed,  is  macerated  with  a  large 
excess  of  carbonate  of  ammonia,  by  which  glucina  is  dissolved ;  and  on  boiling 
the  filtered  ]i(|uid,  carbonate  of  flucina  subsides.  By  means  of  a  red  heat  its 
carbonic  acid  is  entirely  expelled. 

926.  Glucina  is  a  white  powder,  which  hag  neither  taste  nor  properties, 
odour,  and  is  quite  insoluble  in  water.  Its  sp.  gr.  is  3.     Vegetable 
colours  nre  not  affected  by  it.    The  salts  which  it  forms  with  acids 

have  a  sweetish  taste,  a  circumstance  which  distinguishes  glucina 
from  other  earths,  and  from  which  its  name  is  derived.  (From 
yivx^c,  sweet.) 

927.  Glucina  may  be  known  chemically  by  the  following  charac-  Dbtin- 
ters.     1.  Pure  potassa  or  soda  precipitates  glucina  from  its  salts,  but  gQul^d, 
an  excess  of  the  alkali  redissolves  it.     2.  It  is  precipitated  perma- 
nently by  pure  ammonia  as  a  hydrate,  and  by  fixed  alkaline  carbo- 
nates as  a  carbonate  of  glucina.     3.  It  is  dissolved  completely  by  a 

cold  solution  of  carbonate  of  ammonia,  and  is  precipitated  from  it  by 
boiling.  By  means  of  this  property,  glucina  may  be  both  distin- 
guished and  separated  from  alumina.    T. 

YttriuTiu 

Symb,  Y 

928*  Yttrium  is  the  metallic  base  of  an  earth  which  was  discov- 
ered in  the  year  1794  by  Gadolin,  in  a  mineral  found  at  Ytterby  io 
Sweden,  from  which  it  received  the  name  of  yttria.     The  metal  it-  Yttrium, 
self  was  prepared  by  Wohler  in  1828,  by  a  process  similar  to  that 
above  described. 

929.  Its  texture,  by  which  it  is  distinguished  from  glucinium  and  Properties, 
aluminium,  is  scaly,  its  colour  grayish  black,  and  its  lustre  perfectly 
metallic.     In  colour  and  lustre  it  is  inferior  to  aluminium,  bearing 

in  these  respects  nearly  the  same  relation  to  that  melal,that  iron 
does  to  tin.  It  is  a  brittle  metal,  while  aluminium  is  ductile.  It  is 
not  oxidized  either  in  air  or  water ;  but  when  heated  to  redness,  it 
burns  with  splendour  even  in  atmospheric  air,  and  with  far  greater 
brilliancy  in  oxygen  gas.  The  product,  ytlria,  is  white,  and  shows 
unequivocal  marks  of  fusion.  It  dissolves  in  sulphuric  acid,  and 
also,  though  less  readily,  in  solution  of  potassa  ;  but  it  is  not  attack- 
ed by  ammonia.  It  combines  with  sulphur,  selenium,  and  phospho- 
rus.* 

930.  The  salts  of  yttria  have  in  general  a  sweet  taste,  and  the  Characters 
sulphate,  as  well  as  many  of  its  salts,  has  an  amethyst  colour.  It  ia™*'****^» 
precipitated  as  a  hydrate  by  the  pure  alkalies,  and  it  is  not  redis- 

solved  by  an  excess  of  the  precipitant ;  but  alkaline  carbonates,  es- 


*  Pha.  Mag,  and  Annalt^  v.  393. 
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ctop.  lY^  peclally  that  of  ammoDia,  dissolve  it  in  tbe  cold,  though  less  freely 
than  glucina,  and  carbonate  of  yttria  is  precipitated  by  boiling.  Of 
all  the  earths  it  bears  the  closest  resemblance  to  glucina ;  but  it  is 
reedily  distinguished  from  it  by  tbe  colour  of  its  sulphate,  by  its  in- 
solubility in  pure  potassa,  and  by  yielding  a  precipitate  with  ferro- 
cyanuret  of  potassium.* 

EqaiTaltnt  931.  The  equivalent  of  yttriumy  as  deduced  by  Berzelius,  is  22,2 ; 
and  that  of  yttria,  which  is  probably  a  protoxide,  is  40.2.    T. 

Thortttm, 

Syinb.  Tk    Equio,  09.  • 

933.  The  earthy  substance  formerly  called  thorinot  was  found  by 
TUMcoY^rr,  Berzelius  to  be  phosphate  of  yttria ;  but  in  1828  he  discovered  a 
new  earth,  so  similar  in  some  respects  to  what  was  formerly  called 
thorina,  that  he  applied  this  term  to  the  new  substance. 
PnoMsfor      ^^'  ^^®  metallic  base  of  thorina  (thorium)  was  procured  by  the 
'  action  of  potassium  on  chloride  of  thorium,  decomposition  being  ac- 
companied with  a  slight  detonation.     On  washing  the  mass,  thorium 
is  left  in  the  form  of  a  heavy  metallic  powder,  of  a  deep  leaden-gray 
colour ;  and  when  pressed  in  an  agate  mortar,  it  acquires  metallic 
lustre  and  an  iron-gray  tint. 
Ozidatkm       ^^'  Thorium  is  not  oxidized  either  by  hot  or  cold  water ;  bot 
of,  when  gently  heated  in  the  open  air,  it  burns  with  great  brilliancy, 

comparable  to  that  of  phosphorus  burning  in  oxygen.  The  resulting 
thorina  is  as  white  as  snow,  and  does  not  exhibit  the  least  trace  of 
fusion.  It  is  not  attacked  by  caustic  alkalies  at  a  boiling  heat,  is 
scarcely  at  all  acted  on  by  nitric  acid,  and  very  slowly  by  the  sul- 
phuric ;  but  it  is  readily  dissolved  with  disengagement  of  hydrogen 
gas  by  hydrochloric  acid.    T. 

Thorina  ^^'  ^*^^*^  ^^^  procured  from  a  rare  mineral  from  Norway, 
*     called  thorite,  of  which  it  constitutes  37.91  per  cent. 

Pioperiiet  ^^*  T^^""*  ^'  ^  white  earthy  substance,  of  sp.  gr.  9.402  inso- 
'  luble  in  all  tbe  acids  except  the  sulphuric  i  it  dissolves  even  in  that 
with  difficulty.  It  is  precipitated  from  its  solutions  by  the  caustic 
alkalies  as  a  hydrate,  and  in  this  state  absorbs  carbonic  acid  from 
the  atmosphere,  and  dissolves  readily  in  acids.  Its  exact  composi- 
tion is  not  known ;  but  its  equivalent  is  about  67.6. 

Distill-  ^^'  Thorina  is  distinguished  from   alumina   and  ghicina  by 

guisbed.  its  insolubility  in  pure  potassa ;  from  yttria  by  forming  with  sulphate 
of  potassa  a  double  salt  which  is  quite  insoluble  iu  a  cold  saturated 
solution  of  sulphate  of  potassa. 

Zirconium. 

938.  Tbe  experiments  of  Davy  proved  zirconia  to  be  an  oxidized 
Zirooninm,  body,  and  afforded  a  prest^roplion  that  its  base.  Zirconium,  is  of  a 
metallic  nature.  When  potassium  was  brought  into  contact  with 
zirconia  ignited  to  whiteness,  potassa  was  formed,  and  dark  particles 
of  a  metallic  aspect  were  diffused  through  the  alkali.  The  decom- 
position of  this  earth,  however,  bad  not  been  effected  in  a  satisfactory 

*  Banalios. 


manner  until  the  year  1824,  when  Berzeliue  saceeeded  in  obtaining    g<c»'V» 
zirconium  in  an  insulated  state. 

939.  Zirconium  is  procured  by  heatinc  a  mixture,  of  potaaeium  with  the  dou-  How  pro- 
ble  fluoride  of  zircooia  and  potawa,  carefully  dried,  in  a  tube  of  glaaa  or  iron,  by  cared, 
means  of  a  spirit  lamp.    The  redaction  takes  place  at  a  temperature  below  rea- 
ness,  and  witnout  emission  of  light.    The  mass  is  then  washed  with  boiling  wa* 
ter,  and  aAerwards  digested  for  some  time  in  dilute  hydrochloric  acid.    A  small 
portion  of  hydrate  of  zirconia  however  still  adheres  to  the  zirconium. 

940,  Zirconium  thus  obtained,  is  in  the  form  of  a  black  powder,  Propeities, 
which  may  be  boiled  in  water  without  being  oxidized,  and  is  attacked 

with  difficulty  by  the  sulphuric  or  nitro*hydroehloric  acids  ;  but  ia 
dissolved  readily,  and  with  disengagement  of  hydrogen  by  hydro* 
fluoric  acid. 

941.  Heated  in  the  open  air  it  takes  fire  at  a  temperature  far  below  Combm- 
incandescence,  burns  brightly  and  is  converted  into  zirconia.  ^^^  ^' 

943.  Zirconium  may  be  pressed  out  into  thin  shining  scales  of  a 
dark  gray  colour,  and  of  a  lustre  which  may  be  called  metallic,  but 
its  particles  adhere  together  very  feebly.  It  is  a  non-conductor  of 
electricity. 

943.  Sesquioxide  of  Zifxanium,  or  Zircoma^  2Zr-|-30,  Zr,  or  Sesquioz- 

Zr'O',  was  discovered  in  1789  by  Klaproth.     It  is  obtained  from  the  ^^^  "'* 
zircon  or  jargon  of  Ceylon.     The  zircon  in  fine  powder  may  be  fused        ' 
with  litharge  in  the  ratio  <)f  17  to  21,  when  a  glass  is  obtained  which 
is  soluble  in  acids. 

944.  Zirconia  is  in  the  form  of  a  fine  white  powder,  which,  Pioperties, 
when  rubbed  between  the  fingers,  has  somewhat  of  the  harsh  feel  of 

silica.  It  is  entirely  destitute  of  taste  or  smelL  Its  specific  gravity 
exceeds  4.  It  is  insoluble  in  water,  yet  appears  to  have  some  am- 
nity  for  that^ fluid,  retaining  when  slowly  dried  after  precipitation, 
one  third  its  weight,  and  appearing  like  gum  arable 

945.  Exposed  to  a  strong  heat,  zirconia  fuses,  assumes  a  light  ^g-g^i  ^ 
gray  colour ;  and  such  hardness,  on  cooling,  as  to  strike  fire  with  heat 
ateel,  and  to  scratch  even  rock  crystal.* 

Section  V*    Mettdst  the  Oxides  of  which  are  neither  Alkalies  nor 

Earths. 

I.   MXTALS  WHICH  D£C0)1F08£  WATER  AT  A  RED  HEAT. 

Manganese, 

^Symb.  Mn       JSquk).  127.7 

946.  The  common  ore  of  manganese  is  the  black  or  peroxide, 
which  is  found  native  in  great  abundance. 

The  metal  is  obtained  by  mixing  this  oxide,  finely  powdered,  with  pitch,  p^^^^^  j> 
«iaktng  it  into  a  ball,  and  putting  this  into  a  crucible,  with  powdered  charcoal,  obtainioK 
'One  tenth  of  an  inch  thick  en  the  sides,  and  one  fourth  of  an  inch  deep  at  the  nmtaitic 
bottom.    The  empty  space  is  then  to  be  filled  with  powdered  charcoal,  a  cover  manganese, 
ts  to  be  luted  on,  and  the  onicible  exposed,  for  one  hour,  to  the  atrongest  heat 
that  can  be  raised. 

Manganese  is  a  hard  brittle  metaA,  of  a  grayish-white  colour,  and 
granular  texture.  When  exposed  to  air  it  becomes  an  oxide.  Its 
specific  gravity  is  8.013.  It  is  not  attracted  by  the  magnet,  except 
when  contaminated  with  iron. 

*  For  other  characiers  sea  Turner^  EUmeiUt^  803. 
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^^P''^'      d47.  It  slowly  decomposes  water  at  eommon  temperatttres^  and 

rapidly  at  a  red  heat 

Oxides  of  Manganese,^ 

94a  Protoxide  Mn+0,  Mn,  or  MnO,  27.7  1  eq.  roang.  + 
8  1  eq.  oxy.  ==  36.7  equiv.,  is  that  oxide  of  manganese  which  is 
a  strong  salifiable  base  present  in  all  the  ordinary  salts  of  this  me- 
tal, and  which  appears  to  be  its  lowest  degree  of  oxidation. 

It  may  be  formed  by  exposing  the  peroxide,  eeoquioxide,  or  red  oxide  of  man* 

Sjiese  to  the  combined  agency  of  charcoal  and  a  white  heat ;  or  by  exposing  ei- 
er  of  the  oxides  of  manganese,  contained  in  a  glass  or  iron  tube,  to  a  current  of 
bydroffen  |^  at  a  bi|{h  temperature.  For  this  purpose  the  red  oxide,  prepared 
from  the  mtrate  of  oxide  of  manganese,  is  the  best. 

It  is  also  obtained  by  fusing  the  chloride  in  a  platinum  crucible 
with  about  twice  its  weight  of  carbonate  of  soda  and  dissolving  the 
chloride  of  sodium  in  water. 

949.  It  is  of  a  green  colour,  and,  according  to  some,  attracts  ox- 
ygen rapidly  from  the  air,  but  in  Turner*s  experiments  was  very 
permanent,  undergoing  no  change  during  nineteen  days.t  It  oxi- 
dized at  600*^.  It  unites  with  acids  producing  the  same  salts  as  the 
carbonate.  If  quite  pure  it  should  dissolve  in  cold  dilute  sulphuric 
acid.t 

950.  The  salts  of  manganese  are  in  general  colourless  if  pure, 
but  often  have  a  shade  of  pink  from  the  presence  of  red  oxide  or 

Eermanganic  acid.  The  alkalies  precipitate  the  protoxide  as  a  white 
ydrate,  the  carbonates  give  a  white  carbonate,  and  ferrocynnuret 
of  potassium  gives  a  white  ferrocynnuret  of  manganese,  a  character 
by  which  the  absence  of  iron  may  be  demonstrated.  The  white 
precipitates  become  brown  from  absorption  of  oxygen. 


Another, 


Properties. 


Salts. 


flosnnioi 
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951.  Sesquioxide  2Mn+30,  Mn,  or  Mn'O*,  55.4  2  eq.  mang. 

-f-  24  3  eq.  oxy.  =  79.4  equiv.,  occurs  nearly  pure  in  nature, 
and  is  found  as  a  hydrate  at  Ilefeld  in  the  Hartz.  It  may  be 
formed  artificially  by  exposing  peroxide  of  manganese  for  a  conside* 
rable  time  to  a  moderate  red  heat,  and,  therefore,  is  the  chief  residue 
of  the  usual  process  for  procuring  a  supply  of  oxygen  gas. 

952.  The  colour  varies  with  the  source  from  which  it  is  derived. 
That  which  is  procured  by  means  of  heat  from  the  native  peroxide 
or  hydrated  sesquioxide  has  a  brown  tint ;  but  when  prepared  from 
nitrate  of  oxide  of  manganese,  it  is  nearly  as  black  as  the  peroxide, 
and  the  native  sesquioxide  is  of  the  same  colour.  With  sulphuric 
and  hydrochloric  acids,  it  yields  oxygen  and  chlorine  gases.  It  is 
more  easily  attacked  than  the  peroxide  by  cold  sulphuric  acid.  With 
strong  nitric  acid,  it  yields  a  soluble  protonitrate  and  the  peroxide. 

953.  Peroxide    Mn-|-20,  27.7  1  eq.  mang.  +  16  2  eq.  oxy. 
Peroxide,    =  43.7  equiv.      This  is  the  well  known    ore  commonly   called 

*In  studying  metallic  oxides,  it  is  necessary,  as  remarked  hy  Turner,  to  dislinipiish 
oxides  formed  by  the  direct  union  of  oxygen  and  a  metal,  from  those  that  consist  of 
two  other  oxides  united  with  each  other,  and  which  therefore,  in  composition,  paruke 
of  the  nature  of  a  salt  rather  than  of  an  oxide. 

iPha.  Trans,  Edin.  1828,  and  PhU.  Mag.  iy. 

t  For  the  method  of  preparing  pore  salts  from  oommon  peroxide  of  maDganete,  see 
Tomer's  ELemenU,  6th  ed.,  p.  306.     . 
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from  its  colour  the  black  oxide.  It  generally  ocean  inasaiTe,  of  an  *ct>v. 
earthy  appearance,  and  mixed  with  other  substances,  such  as  sili- 
ceous and  aluminous  earths,  oxide  of  iron  and  carbonate  of  lime.  It 
also  occurs  crystallized,  with  an  imperfect  metallic  lustre.  It  may  be 
made  artificially  by  exposing  the  nilrate  of  manganese  to  a  com- 
mencing red  beat,  until  the  whole  of  the  nitric  acid  is  expelled. 

964.  The  peroxide  of  manganese  undergoes  no  change  on  expo-  Properties, 
sure  to  the  air.  It  is  insoluble  in  water,  and  does  not  unite  either 
with  acids  or  with  alkalies.  When  boiled  with  sulphuric  acid,  It 
yields  oxygen  gas,  and  a  sulphate  of  the  protoxide  is  formed  (365). 
With  hydrochloric  acid,  a  hydrochlorate  is  generated,  and  chlorine 
is  evolved  (608).  On  exposure  to  a  red  heat,  it  is  converted  with 
evolution  of  oxygen  gas,  into  the  sesquioxide  of  manganese. 

955.  The  peroxide  of  manganese  is  employed  in  the  arts,  in  the  Uses. 
manufacture  of  glass,  and  in  preparing  chlorine  for  bleaching.     In 

the  laboratory  it  is  used  for  procuring  chlorine  and  oxygen  gases, 
and  in  the  preparation  of  the  salts  of  manganese. 

956.  The  hydrated  peroxide  of  manganese  which  is  sometimes  Black  wad, 

called  black  toad^  and  which  occurs  in  froth-like  coatings  on  other 

minerals,  is  remarkable  for  its  spontaneous  inflammation  with  oil. 

If  half  a  pound  of  tbia  be  dried  before  a  fire,  and  aAerwarda  aulTered  to  oool  Spontane- 
for  about  an  hour,  and  it  be  then  loosely  mixed  or  kneaded  with  two  ounces  of  o^a  inflam* 
linseed  oil ;  the  whole,  in  something  more  than  half  an  hour,  becomes  gradually  O'^^'Mi  of. 
hot,  and  at  length  bursts  into  flame.    U.  573. 

957.  Bed  oxide  Manganese.    MnO+Mn'O*.  or  2MnO+MnO",  »^  •"^•' 
83.1  3  eq.  mang.  4~  32  4  eq.  oxy.  =  115.1  equiv.     The  substance 

called  red  oxide  of  manganese,  oxidum  manganoso'manganietim  of 
Arfwedson,  occurs  as  a  natural  production,  and  may  be  formed  artifi* 
cially  by  exposing  the  peroxide  or  sesquioxide  to  a  white  heat  either 
in  close  or  open  vessels.  It  is  also  produced  by  absorption  of  oxygen 
from  the  atmosphere  when  the  protoxide  is  precipitated  from  its  salts 
by  pure  alkalies,  or  when  the  anhydrous  protoxide  or  carbonate  is 
heated  to  redness. 

958.  Fused  with  borax   or    glass  it  communicates  a  beautiful  Fused,  fte. 
violet  tint,  a  character  by  which  manganese  may  be  easily  detected 

before  the  blow-pipe ;  and  it  is  the  cause  of  the  rich  colour  of  the 
amethyst.  By  cold  concentrated  sulphuric  acid  it  is  dissolved  in 
small  quantity.  The  liquid  has  an  amethyst  tint,  which  disappears 
when  heat  is  applied,  or  by  the  action  of  deoxidizing  substances. 

959.  It  may  be  doubted  whether  the  red  oxide  is  not  rather  a  Compoai- 
kind  of  salt  composed  of  two  other  oxides,  than  a  direct  compound  o(^^^' 
manganese  and  oxygen.     From  the  ratio  of  its  elements  it  may  con- 
sist either  of 

Sesquioxide  .    .    79.4  or  one  eq.  >  <  Peroxide     .    .    43.7  or  one  eq. 

Protoxide      .    .    35.7  or  one  eq.  j  (Protoxide     .    .    71.4  or  two  eq. 

115.1  115.1 

It  contains  27.586  per  cent,  of  oxygen,  and  loses  6.896  per  cent, 
when  converted  into  the  green  or  protoxide.^    T. 

*  VanicOe,    Ma?0'-|>2Mn03  (probably),  UO-B  4  eq.  man^.  +  66  7  eq.oxy.  =  166.8  VarrMit. 
equiy.    Thia  compouoa  is  known  only  as  a  natural  production,  haring  been  6rst  no- 
ticed a  few  years  ago  by  Phillips  among  some  ores  of  manganese  found  at  HartshiU, 
in  Warwickahirt.    The  locality  of  the  mineral  snggcstad  its  name.    Vanridte  was  at 


864  MHah"  MmgaUku^. 

-- — ^— r-     960-  Manganic  Acid.    Mn+30,  M,  or  MnO*,  27.7  1  eq.  mang. 

MBDganic  -|.  24  3  eq.  oxy.  =  61.7  equiv.  Manganese  is  capable  of  forming 
an  acid  with  oxygen.  Manganate  of  poiassa  is  generated  when  hy- 
drate or  carbonate  of  potassa  is  heated  to  redness  with  peroxide  of 
manganese;  and  nitre  may  be  used  successfully,  provided  the  heat 
be  high  enough  to  decompose  the  nitrate  of  potassa.* 

Minenl        ^  ^^-  '^^^  materials  aosorb  oxygen  from  the  air  when  fused  in 

cbam«leoD.  open  vessels  ;  but  manganate  of  potassa  is  equally  well  formed  in 
close  vessels,  one  portion  of  oxide  of  manganese  then  supplying  oxy- 
gen to  another.  The  product  has  been  long  known  under  the  name 
of  mineral  chameleon^  from  the  property  of  its  solution  to  pass  rapidly 
through  several  shades  of  colour:  on  the  first  addition  of  cold  water, 
a  green  solution  is  formed  which  soon  becomes  blue,  purple,  and 
red  ;  and  ultimately  a  brown  fiocculent  matter,  hydrated  peroxide  of 
manganese,  subsides,  and  the  liquid  becomes  colourless.t 

£j^  Put  equal  quantities  of  this  substance  into  two  separate  glass  vessels,  and  pour 

^*  oo  the  one  hot,  and  on  the  other  cold  water.    The  not  solution  will  have  a  beau- 

tiful ereen  colour,  and  the  cold  one  a  deep  purple.  The  same  material,  with  wa^- 
ter  ofdifferent  temperatures,  assumes  vanous  sliades  of  colour. 

Theory.  The  phenomena  are  owing  to  the  formation  of  manganate  of  po« 

tftssa  of  a  green  colour,  and  to  its  ready  conversion  into  the  red  per- 
manganate of  potassa}  the  blue  and  purple  tints  being  due  to  a  mix- 
ture of  these  compounds.  Manganic  acid  itself  cannot  be  obtained 
in  an  uncombined  state,  because  it  is  then  resolved  into  the  hydrated 
peroxide  and  oxygen.  « 

962.  Manganate  of  potassa  is  obtained  in  crystals  by  forming  a 

Of  pDUufu  concentrated  solution  of  mineral  chameleon  in  cold  water,  very  pure 
and  free  from  carbonic  acid,  allowing  it  to  subside  in  a  stoppered 
bottle,  and  evaporating  the  clear  green  solution  in  vacuo  with  the 
aid  of  sulphuric  acid.  All  contact  of  paper  and  other  organic  matter 
must  be  carefully  avoided,  since  they  deoxidize'  the  acid,  and  the 
process  be  conducted  in  a  cool  apartment.  The  crystals  are  anhy- 
drous, and  permanent  in  the  dry  state ;  but  in  solution  the  carbonic 
acid  of  the  air  suffices  to  decompose  the  acid,  or  even  simple  dilution 
with  cold  water.  Mixed  with  a  solution  of  potassa,  the  manganate 
may  be  crystallized  a  second  time  in  vacuo  without  change. 

nfe^df*"  ^^'  ^^'^w^fl^^'c  ^cid, »Mn+70, Mn, or Mn«07, 66.4  2 eq.  mang. 
+  56  7  eq.  oxy.  =  111.4  equiv.,  is  obtained  by  heating  a  solution 
of  mineral  chameleon. 

Wohler's        The  process  of  Wohler  consists  in  fbsing  chlorate  of  potassa  in  a  platinum  cni« 

process.       cible,  and  addins  peroxide  of  manganese  in  fine  powder.    Gregory  nas  improved 

this ;  be  mixes  4  parts  of  the  peroxide  with  3A  parts  of  the  chlorate,  adds  it  to  5 

parts  of  hydrate  of  potassa  dissolved  in  a  small  quantity  of  water,  evaporates  to 

first  mistaken  for  peroxide  of  manganese,  but  is  readilv  distinguished  by  its  stronger 
lustre,  greater  hardness,  more  lamellaied  texture,  and  by  yielding  water  freely  when 
heated  to  redness.  Its  sp.  gr.  is  4.53 1 .  When  strongly  heated  it  is  converted  into  red 
oxide,  losing  6.726  per  cent,  of  water,  and  7.386  of  oxygen. 

*  One  part  of  manganese  well  mixed  with  three  or  four  of  nitre  may  be  exposed  to  a 
bright  red  heat  for  half  an  hour  in  a  crucible.  The  crucible  should  be  but  one  third 
fuU. 

t  These  changes,  which  are  more  rapid  by  dilution  and  with  hot  water,  have  been  sue- 
cessiTely  eloeidaied  by  Chevillot  and  Edwards,  Forchammer  and  Mitscherlich.  An, 
deCk.§td4  Ph.  Tiii.  and  xlix.  lU,  and  Ja.  ^fPhiL  m. 
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diTiMM,  and  expoMg  tbe  fine  powder  in  a  platinum  crucibU  to  a  low  red  beat.     Smi.  v. 
Toe  mass  not  fused  is  again  powdered  and  added  to  a  large  quantity  of  boilinff 
water ;  when  tbia  is  clear  it  is  to  be  decanted,  rapidly  concentrated,  and  crystal 
lized.    Tbe  crystals  are  to  be  washed  in  a  little  cold  water  and  redissoWed  m  tbe 
amalleat  possible  quantity  of  boiling  water. 

The  acid  may  be  oblained  by  adding  to  a  solution  of  permanga-  Add  ob- 
nate  of  baryta  dilute  sulphuric  acid  to  precipitate  the  baryta.  tained, 

964.  This  acid  has  a  rich  red  colour ;  contact  with  paper  or  linen  properties, 
as  in  filtering,  particles  of  cork,  organic  particles  floating  in  the  at- 
mosphere decompose  it  rapidly ;  colouring  matters  are  bleached  by 

it ;  and  in  pure  water  its  decomposition  begins  at  86^,  and  is  com- 
plete at  212^.  On  these  occasions  oxygen  gas  is  abstracted  or  given 
out,  and  hydrated  peroxide  of  manganese  subsides. 

965.  The  salts  of  permanganic  acid  are  more  permanent  than  the  lu  salts, 
free  acid ;  so  that  most  of  them  may  be  boiled  in  solution,  especially 

if  concentrated.  When  heated  they  give  out  oxygen  gas;  they  de- 
flagrate like  nitre,  and  detonate  powerfully  with  phosphorus. 

966.  In  constitution  this  acid  bears  a  remarkable  analogy  to  per-  Composi- 
chloric  acid.*  ^°°- 

967.  PercMtrride  of  Manganese,    2Mn-f  7C1,  or  lAnHyU,  55.4  2  Perchlo- 
eq.  mang.  -f-  247.94  7  eq.  chlor.  =  303.34  equiv.    This  compound  "<*•» 

is  formed  by  putting  a  solution  of  permanganic  into  strong  sulphuric 
acid,  and  then  adding  fused  sea-salt 

The  best  mode  of  preparation  is  to  form  tbe  green  mineral  chameleon,  and  aci- 
dulate with  sulphuric  acid :  tbe  solution,  when  evaporated,  leases  a  residue  of 
sulphate  and  permanganate  of  potassa.  This  mixture,  treated  by  strong  sulphuric 
acid,  yields  a  solution  of  permanganic  acid,  to  which  are  added  small  fragments  of 
sea^alt,  as  long  as  coloured  vapour  continues  to  be  evolved.t 

96S.  The  perchloride,  when  first  formed,  appears  as  a  vapour  of  Properties, 
a  copper  or  greenish  colour ;  but  on  traversing  a  glass  tube  cooled 
to  ---4^,  it  is  condensed  into  a  greenish-brown  coloured  liquid. 
When  generated  in  a  capacious  tube,  its  vapour  gradually  displaces 
the  air,  and  soon  fills  the  tube.  If  it  is  then  poured  into  a  large  flask, 
the  sides  of  which  are  moist,  the  colour  of  the  vapour  changes  in- 
stantly on  coming  into  contact  with  the  moisture,  a  dense  smoke  of  a 
pretty  rose  tint  appears,  and  hydrochloric  and  permanganic  acids  are 
generated. 

It  is  hence  analogous  in  composition  to  permanganic  acid,  its  ele-  Composi- 
ments  being  in  such  a  ratio  that  ^^^' 

1  eq.  perchloride  and  7  eq*  water  3  1  eq.  permang.  acid  and  7  eq.  hydrochloric  acid. 
2Mn-i-7Cl  7(H-|-0)       g,     2Mn-h70  7(H+C1). 

969.  Perftuaride  of  Manganese.    2Mn+7F,    or    MnT\  55.4  p^^^^^^^ 

2  eq.  mang.  +  130.76  7  eq.  oxy.  =  186.16  equiv.  This  gase- 
ous compound!  is  formed  by  mixing  common  mineral  chamele- 
on with  half  its  weight  of  fluor  spar,  and  decomposing  the  mixture 
in  a  platinum  vessel  by  fuming  sulphuric  acid.     The  fluoride  is  then 

*  Protochkridt  o/  Manganeae^  Mn+CI,  or  MnCl,  27.7  1  eq.  mang.  +  35.42  I  eq. 
chlor.  =  63.12  eqniv.,  is  best  prepared  by  evaporating  a  solution  of  the  chloride  to  PtotooUorido. 
dryness  bv  a  gentle  heat,  and  neating  the  residue  to  redness  in  a  glass  tube,  while  a 
current  of  nydrochloric  acid  gas  is  transmitted  ihroueh  it.  Tbe  heat  of  a  spirit-lamp 
is  sufficient  for  the  purpose.  It  fuses  readily  at  a  red  heat,  and  forms  a  pink-colonrea 
lamellated  mass  on  cooling.    It  is  deliquescent,  and  of  course  very  soluble  in  water. 

t  Edin.  Jour,  qf  Sd.  viii.  179. 

t  Discovered  by  PQmni  and  W5hl«r,  iUvn.  Jew,  ^  SeL  is. 
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Chap.  IV.  disengaged  in  the  form  ofa  greenish-yellow  gas  or  vapour,  of  a  more 
intensely  yellow  tint  than  chlorine.  When  mixed  with  atmospheric 
air,  it  mstantly  acquires  a  beautiful  purple-red  colour ;  and  it  is 
freely  absorbed  by  water,  yielding  a  solution  of  the  same  red  tint. 
It  acts  instantly  on  glass,  with  formation  of  fluosilicic  acid  gas,  a 
brown  matter  being  at  the  same  time  deposited,  which  becomes  of  a 
deep  purple-red  tint  on  the  addition  of  water.* 

Iran. 
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iS^.  Fe         Equiv.  28  7 

970.  The  most  important  native  combinations  of  iron,  whence  the 
immense  supplies  for  the  arts  of  life  are  drawn,  are  the  oxides.  IroD 
is  also  found  combined  with  sulphur,  and  with  several  acids  ;  it  is  so 
abundant  that  there  are  few  fossils  free  from  it.  It  is  also  found  in 
some  animal  and  vegetable  bodies,  and  in  several  mineral  waters. 

Iron  is  sometimes  found  native,!  and  is  usually  regarded  as  of 
meteoric  origin,  for  it  is  invariably  alloyed  by  a  portion  of  the  metal 
nickel,  and  a  similar  alloy  is  found  in  meteoric  stones.  Native  Iron 
is  flexible,  cellular,  and  often  contains  a  green  substance  ofa  vitreous 
appearance.  It  has  been  found  in  Africa,  in  America,  and  tn  Sibe* 
ria,  where  a  mass  of  it  weighing  1600  lbs.  was  discovered  by  Pallas. 
The  mass  found  in  Peru,  described  by  Don  Rubin  de  Celis,  weighed 
15  tons. 

971.  Iron  is  a  metal  of  a  blue  white  colour,  fusible  at  a  white  heaL 
Its  specific  gravity  is  7.88.  It  has  not  been  so  long  known  as  many 
of  the  other  metals ;  it  was,  however,  employed  in  the  time  of  Mo- 
ses for  cutting  instruments.  It  is  extremely  ductile,  but  cannot  be 
hammered  out  into  very  thin  leaves. 

972.  Exposed  to  heat  and  air  iron  quickly  oxidizes,  or  in  common 
language,  rusts.  If  the  temperature  of  the  metal  be  raised,  this 
change  goes  on  more  rapidly,  and  when  made  intensely  hot,  takes 
place  with  the  appearance  of  actual  combustion.  Thus  the  small 
fragments,  which  fly  from  a  bar  of  iron  during  forging,  undergo  a 
vivid  combustion  in  the  atmosphere ;  and  iron  filings,  projected 
upon  the  blaze  of  a  torch,  bum  with  considefuble  brilliancy.  The 
oxide,  obtained  in  these  ways  is  ofa  black  colour,  and  is  still  attract- 
ed by  the  magnet. 

973.  By  contact  with  water  at  the  temperature  of  the  atmosphere, 
iron  becomes  slowly  oxidized,  and  hydrogen  gas  is  evolved.  When 
the  steam  of  water  is  brought  into  contact  with  red-hot  iron,  the  iron 
is  converted  into  black  oxide  ;  and  an  immense  quantity  of  hydrogen 
gas  set  at  liberty  (405).  The  iron  is  afterward  found  to  have  lost 
all  its  tenacity,  and  may  be  crumbled  down  into  a  black  powder,  to 
which  the  name  of  finery  cinder  was  given  by  Priestley. 


the  protosnlphate  at  a  red  beat.t  It  occurs  natiTe  in  Cornwall,  and  at  Nsj^ag  in 
Transylvania.  It  dissolves  completely  in  dilute  sulphuric  or  hydrochloric  add,  with 
disengagement  of  very  pure  hydrosulpnurie  atid  gas. 

t  Native  iron  of  terrestrial  origin  has  been  observed  at  Canaan,  Conn.,  and  in  Gail* 
ford  C6.  N.  C.    J.  D.  Dana's  S^Blem  qfMmerakgy,  1837. 


»Becthtor. 


t  ArlWsdson  in  Jim.  af  nSL  vol.  vU.  N.  B. 
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974  When  iron  is  dissolred  in  diluted  snlpbnric  acid,  the  acid  is  gflcC'Y> 
not  decomposed  ;  but  the  metal  is  oxidized  at  the  expense  of  the  wa-  Of  snlpho- 
ter  and  hydrogen  gas  is  obtained  (378).*  ricadd. 

The  eq.  of  iron  has  not  been  determined  with  accuracy. 

975.  Protoxide  of  Iron,  Fe+0,  Fe,  or  FeO,  28  I  eq.  iron  -f-  Protoxide, 
8  1  eq:  oxy.  =  36  equiv.     This  oxide  is  the  base  of  the  native  car- 
bonate of  iron,  and  of  the  green  vitriol  of  commerce.    It  is  doubtful 

if  it  has  ever  been  obtained  in  an  insulated  form.  Its  salts,  particu- 
larly when  in  solution,  absorb  oxygen  from  the  atmosphere  with 
such  rapidity  that  they  may  even  be  employed  in  eudiometry. 
This  protoxide  is  always  formed  with  evolution  of  hydrogen  gas 
when  metallic  iron  is  put  into  dilute  sulphuric  acid ;  and  its  compo- 
sition may  be  determined  by  collecting  and  measuring  the  gas  which 
is  disengaged. 

976.  Protoxide  of  iron  is  precipitated  from  its  salts  as  a  white  by-  PncipHa- 
drate  by  pure  alkalies,  as  a  white  carbonate  by  alkaline  carbonates,  ^* 
and  as  a  white  ferrocyanuret  hy  ferrocyanuret  of  potassium.     The 

two  former  precipitates  become  first  green  and  then  red,  and  the  lat- 
ter, green  and  blue  by  exposure  to  the  air.  The  solution  of  gall- 
nuts  produces  no  change  of  colour.  Hydro-sulphuric  acid  does  not 
act  if  the  protoxide  is  united  with  any  of  the  stronger  acids ;  but 
alkaline  hydrosulphates  cause  a  black  precipitate,  protosulphuret  of 
iron. 

977.  Sesquioxide  of  Iron,    2Fe+30,  Fe,  or  Fe^O*,  66  2  eq.  iron  Setqaiox- 

-}-  24  3  eq.  oxy.  =  80  equiv.     The  red  or  sesquioxide  is  a  natural    ^' 
product,  known  as  red  hamaiite.    It  occurs  massive  and  fibrous.     It 
maybe  made  by  dissolving  iron  in  nitro-hydrochloric  acid,  and  add- 
ing an  alkali.     The  hydrate  of  the  red  oxide,  consists  of  SO  parts 
or  one  eq.  of  the  sesquioxide,  and  18  parts  or  two  eq.  of  water. 

976.  It  18  not  attracted  by  the  magnet.  Fused  with  vitreous  sub-  PropertiM. 
stances,  it  cemmanicates  to  them  a  red  or  yellow  colour.  It  com- 
bines with  most  of  the  acids,  forming  salts,  the  greater  number  of 
which  are  red.  Its  presence  may  be  detected  by  very  decisive  tests, 
The  puro  alkalies,  fixed  or  volatile,  precipitate  it  as  the  hydrate. 
Alkaline  carbonates  have  a  similar  effect,  peroxide  of  iron  not  form- 
ing a  permanent  salt  with  carbonic  acid.  With  ferrocyanuret  of 
potassium  it  forms  Prussian  blue.  Sulpbocyanuret  of  potassium 
causes  a  deep  biood-red ;  and  infusion  of  gall-nuts,  a  black  colour. 
Hydrosulphuric  acid  converts  the  sesquioxide  into  protoxide  of  iron, 
with  deposition  of  sulphur.  These  reagents,  and  especially  ferrocy- 
anuret and  sulpbocyanuret  of  potassium,  afford  an  unerring  test  of 
the  presence  of  minute  quantities  of  sesquioxide  of  iron.  On  this 
account  it  is  customary,  in  testing  for  iron,  to  convert  it  into  the 

*  The  action  of  nitric  «cid  on  iron  is  attended  by  a  series  of  very  remarkable  phenome-  Aedca  «r  nitrto 
na,  which  have  been  recently  observed  by  SchOnbein.  He  observed  that  this  acid  of  sp.  •^^ 
gr.  1.36  though  capable  of  acting  with  violence  on  ordinary  iron,  was  inert  on  an  iron 
wire,  one  extremity  of  which  had  been  previously  msde  rerl-bot.  He  found,  too,  that 
this  indifierence  to  nitric  acid,  may  be  communicated,  by  mere  contact,  from  one  iron 
wire  to  another,  by  submersion  for  a  few  moments  into  strong  nitric  acid,  or  bymaking 
it  the  positive  electrode  of  a  galvanic  current,  the  negative  electrode  having  been  pra- 
viously  introduced  into  the  acid.  Under  these  circumstances  the  wire  does  not  com- 
bine with  the  oxygen  liberated.  Faraday  has  found  that  the  same  property  is  given 
to  iron  by  contact  with  platinam,  and  that  the  eflect  is  not  limited  to  nitric  acid.  Se« 
the  original  papers  in  Phil.  Mag.  aAd  Ann-  ix.  63,  x.  133,  &c. 
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cai^>.iv.  sesquioxide,  an  object  which  is  easily  aecdnplisbed  by  boiling  the 
solution  with  a  small  quantity  of  nitric  acid. 

979.  Black,  or  Magnetic  Oxide.  FeO+FeH)»,  36  1  eq.  protox. 
iron  -|-  80  1  eq.  sesquiox.  iron  =  116  equiy.  This  substance,  the 
oxidum  ferroso-ferricum  of  Berzelius,  long  supposed  to  be  protoxide 
of  iron,  contains  more  oxygen  than  the  protoxide,  and  less  than  the 
red  oxide.  It  cannot  be  regarded  as  a  definite  compound  of  iiron  and 
oxygen  ;  but  it  is  composed  of  the  two  real  oxides.  It  occurs  natiYe, 
frequently  crystallised  in  the  form  of  a  regular  octobedron  ;  and  it  is 
not  only  attracted  by  the  magnet,  but  is  itself  sometimes  magnetic. 
It  is  always  formed  when  iron  is  heiitcd  to  redness  in  the  open 
air ;  and  is  likewise  generated  by  the  contact  of  watery  vapour  With 
iron  at  elevated  tem^ratares. 

980.  The  composition  of  the  product,  however,  varies  with  the 
duration  of  the  process  and  the  temperature  which  is  employed. 
Thus,  according  to  Buchholz,  Berzelius,  and  Thomson,  100  parts  of 
irou,  when  oxidized  by  steam,  unite  with  nearly  30  of  oxygen ; 
whereas  in  a  similar  experiment  performed  by  Gay-Lussac,  3t.8 
parts  of  oxygen  were  absorbed.  , 

991.  The  nature  of  the  black  oxide  is  farther  elucidated  by  the 
action  of  acids.  On  digesting  the  black  oxide  in  sulphuric  acid#  an 
olive-coloured  solution  is  formed,  containing  two  ssilts,  sulphate  of 
the  sesquioxide  and  protoxide,  which  may  be  separated  from  each 
other  by  means  of  alcohol."*^  The  solution  of  these  mixed  salts  givea 
green  precipitates  with  alkalies,  and  a  very  deep  bbe  ink  with  infu* 
sion  of  gall-nuts.  The  black  oxide  of  iron  is  the  cause  of  the  dull 
green  colour  of  bottle  glass. 

982.  PratoMofide  of  horn  Fe-fGl,  or  FeCU  98  1  eq.  iron  + 
86.42  1  eqw  chlor.  =  63.42  equiv.  This  compound  is  formed  by 
transmitting  dry  hydrochloric  acid  gas  over  iron  at  a  red  heat,  when 
hydrogen  gas  is  evolved  and  the  surface  of  the  iron  is  covered  with 
a  white  crystalline  protochloride  which  at  a  stronger  heat  is  sub* 
limed.  Abo,  on  acting  with  hydrochloric  acid  on  iron,  which  is 
dissolved  with  evolution  of  hydrogen  gas,  evaporating  to  dryness, 
and  heating  to  redness  in  a  tube  without  <fxposure  to  the  air. 

983.  Protochloride  of  iron  dissolves  freely  in  water,  yielding  a 
pale  green  solution,  from  which  rhoroboidal  prisms  of  the  same  co- 
lour are  obtained  by  evaporation.  The  crystals  contain  several 
equivalents  of  water  of  crystallization,  deliquesce  by  exposure  to  the 
air,  owing  to  the  formation  of  sesquichloride,  and  are  soluble  iu  akohol 
as  well  as  water.  The  aqueous  solution  absorbs  oxvgen  froca  the 
air,  and  becomes  yellow  from  the  fonnation  of  sesquichloride  of  iron : 
one  portion  of  iron  takes  oxygen  from  the  air,  and  yields  its  chlorine 
to  another  portion  of  iron,  whereby  sesquichloride  and  sesqaioxide  of 
iron  are  generated,  and  the  latter  falls  as  an  ochreous  sediment  com* 
bined  with  some  of  the  sesquichloride. 

984.  Sesquichloride  of  Iron,  2Fe+3CI,  or  Fe'Cl',  56  2  eq.  iron 
4-  106.26  3  eq.  chlor.  =  162.26  equiv.,  is  formed  by  the  combustion 
of  iron  wire  in  dry  chlorine  gas,  and  by  transmitting  that  gas  over 
iron  moderately  heated;  when  it  is  obtained  in  smalt  iridescent 
plates  of  a  red  colour,  which  are  volatile  at  a  heat  a  Httle  above  212% 

*  Praost  tnd  Gay-Lame. 
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detiquesce  readily^  and  dissolve  in  water,  alcohol,  and  ether.  On  8Mt  v. 
agkating  ether  with  a  etreng  aqueous  solution  of  the  sesquichloride, 
the  ether  abstracts  a  part  of  it,  and  acquires  a  gold- yellow  colour. 
The  readiest  mode  of  obtaining  a  solution  of  the  sesquicbloride  is  to 
dissolve  sesquioxide  of  iron  in  hydrochloric  acid.  On  concentrating 
to  the  consistence  of  syrup  and  cooling*  it  separates  as  red  crystals, 
which  by  disiilbition  yield  at  first  water  and  hydrochloric  acid,  and 
then  anhydrous  sesquiehloride  of  iron,  leafing  a  compound  of  sesqui- 
oxide and  sesquiehloride  of  iron  in  crystaHine  lamin». 

965.  ProHbdide  of  Iron.  Fe-|rl,  or  Pel,  28  }  eq.  iron  +  126.3  PioUodiiU, 
1  eq.  iod.  =  154.9  equiv.  It  exists  as  a  pale  green  solution  when 
iodine  is  digested  with  water  and  iron  wire,  the  latter  being  in  ex- 
cess ;  and  on  evaporating  the  solution,  without  exposure  to  the  nir, 
to  dryness,  and  heating  moderately,  the  protiodide  is  fused,  and  on 
cooling  hecomes  an  opaque  crystaitine  mass  of  an  iron-gray  colour 
and  metallic  lustre,  ^t  is  deliquescent  find  very  soluble  ia  water  and 
aflcohol. 

•  '986.  Its  aqueous  solution  aKraets  oxygen  rapidly  from  the  air,  un*  Solotioa, 
dergoing  the  eameicind  of  change  as  the  protochloride^  to  preserve 
a  solution  of  protiodide  as  .such,  a  long  piece  of  iron  wire  should  be 
kept  permanently  19  the  liquid.     This  compound  has  been  very  sue*  17m* 
cessftiily  employed  in  medical  practice.* 

987.  Sulpkurets  of  Iron.    These  elements  have  for  each  other  a  Sdpharau. 
remarkabty  strong  affinity,  «nd  \intte  under  vfirious  circumstances 

and  in  several  proportions.  The  two  lowest  degrees  of  sulphura- 
tion,  the  tetrmlphuret  and  dwdpkurtt^  were  prepared  hy  Arfwed- 
son  by  transmitting  a  current  of  -hydrogen  gas,  at  a  red  heat,  over 
the  anhydrous  disulphate  of  sesquioxide. of  iron  10  procurethetetrasui- 
phuret,  and  over  anhydrous  sulphate  of  protoxide  of  iron  for  the 
disulphuret.  In  both  cases  sulphurous  acid  and  water  are  evolved, 
and  the  resulting  sulphurets  are  left  as  craylsh-black  powders,  sus- 
ceptible of  a  meiattic  lustre  by  friction.  They  both  dissolve  in  dilute 
sulphuric  acid  with  evolution  of  hydrogen  and  hydrosulphuric  acid 
gases.t 

988.  Protostdphuret  of  Iron^  Fe-^-S,  or  FeS,  28  1  eq.  iron  -|->  ProtoMl- 
16.1  1  eq.  sniph.  =?  44.1  equiv.*  is  prepared  by  heating  thin  lamina  P^*"*^* 

*8ea<piioduUof  Iron,  SFe+Sl,  or  Fe«I>,  M  S  eq.  iron  +  373  9  3  eq.  iod.  :S5  434  9 

3ttiT.,ofa  yellow  or  ormogeooloaraocordia^  u  lira  ttreoftb  of  the  noUtios,  in  obtain- 
by  freely  ezpoeing  a  lolutioD  of  the  protiodide  to  the  air,  or  digettiaff  iron  wira 
with  excess  of  iodine,  ^ntly  eraporaiing  and  suhliminsc  the  sesqaiodide.  Il  is  ft  vola- 
tile red  componnd,  dehqaesceal,  aad  sdiahle^B  water  and  alcohol. 

The  bronUdet  of  iron  are  formed  under  similar  eonditioot  to  the  chlorides  and 
iodides,  and  am  very  analogous  to  them  lo  their  properties. 

Protojiuoride  qf  Irtfitf  28  1  eq.  iron  +  18.68  t  eq.  floor,  sa  46.88  is  best  pre- 
pared by  dissolving  iron  in  a  eolation  of  hydroflooric  amd,  oot  of  which  it  crrstallites 
as  the  acid  becomes  saturated,  in  small  white  square  tables^  which  are  sparingly  soluble 
in  water,  and  become  pale  yellow  by  the  fiction  of  the  air.  By  heat  they  part  with 
their  water  of  crystallization,  and  aAarwards  bear  a  red  heat  without  decomposition. 
Benelios. 

SuftU/tuaride  of  Iron,  9Pe+SF,'or  FePPS,  66  3  eq.  iron  +  66.04  a  eq.  floor,  ss 
113.04  equif .,  is  formed  by  dissolving  sesonioxide  of  iron  in  h]rdroflooric  acid  and  yielda 
« colourless  solotioo  even  when  satnrated.  By  evaporation  it  is  left  as  a  crystal lina 
masa  of  a  pale  flesh-oolonr,  and  of  a  mild  astringent  taste.  It  is  sparingly  solnble  in 
water. 

t  TOratu^hurd  of  Iron.    4FH-S,  or  Fe^S,  1 18  4  eq.  iron  +  16.1  I  eq.  sulph.  ar 
138.1  eqniv. 
Ditu^fKTd  (if  Iron.  SFs-fS,  or  FM,  66  3  eq.  iron  + 16.1  1  eq.  solph.  ss  73.1  aquiv. 
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caiap.iv.  of  iron  to  redaess  with  sulphur  in  a  covered  Hessian  crucible,  and 
continuing  the  heat  until  any  excess  of  sulphur  is  expelled.  The 
iron  is  found  with  a  crust  of  protosulphuret,  which  is  brittle,  of  a 
yellowish-gray  colour  and  metallic  lustre,  and  is  attracted  by  the 
magnet.  When  pure  it  is  completely  dissolved  by  dilute  sulphuric 
acid,  yielding  pure  hydrosulphuric  acid  (754).  The  protosulphuret  of 
iron  exists  in  nature  as  an  ingredient  in  variegated  copper  pyrites ;  and 
it  falls  on  mixing  hydrosulphate  of  ammonia  with  sulphate  of  pro- 
toxide of  iron  as  a  black  precipitate,  which  oxidizes  rapidly  hy 
absorbing  oxygen  from  the  air,  as  soon  as  the  excess  of  hydrosul- 
phate of  ammonia  is  removed  by  washing. 

989.  Sesquisulphuret  of  Iron,  2Fe-j-3S,  or  Fe^'S',  66  2  eq.  iron  -|- 
48.3  3  eq*  sulph.  =  104.3  equiv.,  is  formed  in  the  moist  way  by 
adding  sesquichloride  of  iron  drop  by  drop  to  hydrosulphate  of  am- 
monia or  sulphuret  of  potassium  in  excess,  and  falls  as  a  black  preci- 
pitate, which  is  oxidized  readily  by  the  air.  In  the  dry  way  it  is 
slowly  produced  by  the  action  of  hydrosulphuric  acid  gas  on  sesqai- 
oxide  of  iron  at  a  heat  not  exceeding  212^,  water  being  also  formed  ; 
and  by  the  action  of  the  same  gas  on  the  hydrated  sesquioxide  at 
common  temperatures.  This  sulphuret,  when  anhydrous,  has  a 
yellowish-gray  colour,  is  not  attracted  by  the  magnet,  and  dissolves 
in  dilute  sulphuric  or  hydrochloric  acid,  yielding  hydrosulphuric 
acid  and  a  residue  of  bisulphuret  of  iron.'*^ 

990.  Bisulphuret  of  Iron.  Fe+2S,  or  FeS',  28  1  eq.  iron  + 
32.2  2  eq.  sulph.  =  60.2  equiv.  This,  the  iron  pyrites  of  mineralo- 
gists, exists  abundantly  in  the  earth.  It  occurs  in  cubes  or  some 
allied  form,  has  a  yellow  colour,  metallic  lustre,  a  density  of  4.981, 
and  is  so  hard  that  it  strikes  fire  with  steel.  Some  varieties  have  a 
white  colour;  but  these  usually  contain  arsenic.  Others  occur  in 
rounded  nodules,  have  a  radiated  structure  divergent  from  a  common 
centre,  are  often  found  in  beds  of  clay  and  are  much  disposed  by  the 
influence  of  air  and  moisture  to  yield  sulphate  of  protoxide  of  iron- 

991.  Bisulphuret  of  iron  is  not  attacked  by  any  of  the  acids  ex- 
cept the  nitric,  and  its  best  solvent  is  the  nitro-hydrochloric  acid. 
Heated  in  close  vessels  it  gives  off  nearly  half  its  sulphur,  and  is 
converted  into  magnetic  iron  pyrites. 

d92.  Magnetic  Pyrites.  5FeS-|-FeS»,  60.2  1  eo.  bisulph.  of  iron 
-\-  220.5  5  eq.  protosuph.  of  iron  =  280.7  equiv.  This  is  a  natural 
product,  termed  magnetic  pyrites  from  being  attracted  by  the  magnet, 
and  was  formerly  regarded  as  protosulphuret  of  iron ;  but  it  may  be 
regarded  as  a  compound  of  bisulphuret  and  protosulphuret.  it  is 
formed  by  heating  the  bisulphuret  to  redness  in  close  vessels,  by 
fusing  iron  filings  with  half  their  weight  of  sulphur,  or  by  rubbing 
sulphur  upon  a  rod  of  iron  heated  to  whiteness  (754).  It  yields  hy- 
drosulphuric acid  gas.t 

*  Berzelius. 

DiyiiMpham.  "^  Dipkoaphuret  qf  Iron.  2Fe+P,  or  Fesp,  6<  9  eq.  iron  + 16.7  I  eq.  phosph.  ^ 
71.7  eijuir.  It  is  prep«red  hj  exposiog  the  phiosphftte  of  protoxide  of  iron  to  a  stronjif 
heat  iu  a  covered  crucible  lined  with  cfaara>al,  the  ezeeee  of  photphonu  being  diasi- 
nued  in  va|x>ur.  It  it  a  fused  granular  mass,  of  tlie  colour  and  luitie  oi  iitm,  bnt  far 
Brittle,  and  is  not  attacked  by  hydrochloric  acid.  It  is  sometimes  contained  in  melaf- 
lie  iron,  to  the  properties  of  which  it  is  very  iigorioiis  by  rendering  it  brittle  at  com- 
mon temperatores. 
Ptrphot.  qflron,  3Fe+4P,  or  Fe>P,  84  3  eq.  iioii-Hai.aieq.pbMph.s:U6.8  equiv. 


Action  of 
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993.  Carburets  of  IrwL    Iron  combines  witl)^  carbon  in  various   <>cu  ▼. 
proportions ;  and  the  varieties  of  proportion  occasion  great  differ-  Garbureu* 
ences  of  properties  in  the  compounds.     On  these  varieties,  and  the 
occasioQsi  combination  of  a  small  proportion  of  oxygen,  depend  the 
qualities  of  the  different  kinds  of  iron  used  in  the  arts,  as  cast-iron, 
steel,  (sec*  &c. 

994  The  substance  termed  Graphite,  Plumbago^  and  Black  leadt  is  6nphit«, 
a  mechanical  mixture  of  charcoal  and  iron ;  the  artificial  graphite 
is  a  teal  carburet.    The  last  may  be  formed  by  exposing. iron  with 
excess  of  charcoal  to  a  violent  and  long  continued  heat. 

The  first  is  not  an  uncommon  mineral,  though  rarely  found  of  Um** 
sufficient  purity  for  the  manufacture  of  pencils  :^  the  coarser  kinds 
and  the  dust,  are  melted  with  sulphur  to  form  common  carpenters' 
pencils :  crucibles  are  sometimes  made  of  it,  and  it  forms  an  ingredi- 
ent in  compositions  for  covering  cast-iron,  and  for  diminishing  fric- 
tion in  machines.    It  contains  from  4  to  10  per  cent,  of  iron. 

995.  Plumbago  burns  with  great  difficulty :  when  intensely  heat-  gfi^t  of 
ed  in  a  Toricellian  vacuum  by  a  Voltaic  battery,  Davy  found  that  its  ltcat>  ^^» 
characters  remained  wholly  unaltered,  neither  could  any  evidence  of 

its  containing  oxygen  be  derived  from  the  action  of  potassium.  But 
when  exposed  to  the  focus  of  a  powerful  burning  lens  in  oxygen  gas, 
it  was  observed  that  the  gas  became  clouded,  and  that  dew  was  de- 
posited, indicating  the  presence  of  hydrogen  or  of  water.t 

996.  An  extremely  important  part  of  the  chemical  history  of  iron  vtrietiet 
relates  to  the  varieties  of  the  metal  which  are  found  in  commerce,  of  iron, 
These  are  much  too  numerous  to  be  dwelt  upon  here ;  the  principal 

of  them  are  cast  iron,  wrought  iron^  and  ited. 

Of  cast  iron,  there  are  two  principal  varieties,  distinguished  by  the  Cast  iron, 
terms  uih^t  and  gxoy.    The  first  is  very  hard  and  brittle,  and  when 
broken,  of  a  radiated  texture.     Acids  act  upon  it  but  slowly,  and 
exhibit  a  texture  composed  of  a  congeries  of  plates,  aggregated  in  va- 
rious positions. 

Gray  or  mottled  iron  is  softer  and  less  brittle  ;  it  may  be  bored  Gray  tran. 
and  turned  in  the  lathe.  When  immersed  in  dilute  hydrochloric 
acid,  it  affords  a  large  quantity  of  black  insoluble  matter,  which 
Daniell  considers  as  a  triple  compound  of  carbon,  iron>  and  silicon, 
and  which  has  some  very  singular  properties.  The  texture  of  the 
metal  resembles  bundles  of  minute  needles. 

Cast  iron  always  contains  impurities,  such  as  charcoal,  undecom- 
posed  ore,  and  earthy  matters,  which  are  often  visible  by  mere  in- 
spection; and  sometimes  traces  of  chromium,  manganese,  sulphur, 
phosphorus  and  arsenic  are  present.  It  fuses  readily  at  2786°  F.,1 
which  is  a  full  red  heat,  and  in  cooling  it  acquires  a  crystalline  gra- 
nular texture. 

997.  Cast  iron  is  converted  into  wrought  iron  by  a  curious  pro- 
cess, called  ^puddUng*    The  cast  iron  is  put  into  a  reverberatory  fur-  ProceM  of 
nacOf  and  when  in  fusion  is  stirred,  so  that  every  part  may  be  ex-  pvddiiog. 
posed  to  the  air  and  flame.    After  a  time  the  mass  heaves,  emits  a 

*  See  a  description  of  the  mine  at  Bonovdale,  in  Bott,  Jour.  PhUo9,  ii.  838. 

t  On  the  fnaion  of  plinidmao  by  means  of  Hare's  deflagrator,  see  Amer,  Jour,  yi. 
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c>Ml^lv*  blue  flame,  and  gradaally  grows  tough  and  becomes  less  fusible,  and 
at  length  congeals.  In  that  state  it  is  passed  successively  between 
rollers,  by  which  a  large  quantity  of  extraneous  matter  is  squeezed 
out,  and  the  bars  are  now  malleable.    They  are  cut  into  pieces. 

E laced  in  parcels  in  a  Tery  hot  reverberatory  furnace,  and  again 
ammered  and  rolled  out  into  bars.    They  are  thus  rendered  more 
tough,  flexible  and  malleable,  but  much  less  fusible. 
pUTerenoe.      998.  The  difiefence  in  the  quality  of  the  two  kinds  of  cast  iron, 
u  quality,  appears  owing  to  the  mode  of  combination,  rather  than  to  a  differ- 
ence in  the  proportion  of  carbon.    According  to  Earsten,  the  carbon 
of  the  white  is  combined  with  the  whole  mass  of  iron,  and  amounts 
as  a  maximum  to  6,25  per  cent. ;  the  gray,  on  the  contrary,  con>- 
tains  from  3.15  to  4.65  per  cent,  of  carbon,  of  which  about  three 
fourths  are  in  the  state  of  graphite. 
Stmctura        ^^9*  A  bar  of  wrought  iron,  when  its  texture  is  examined  in  the 
ofwnraght  mode  pointed  out  by  Daniel! ,  presents  a  fasciculated  appearance,  the 
^'^'         fibres  running  in  a  parallel  and  unbroken  course  throughout  its 
length.    This  structure  may  be  well  seen  by  tearing  a  bar  of 
wrought  iron  asunder. 
1000.  Steel  is  commonly  prepared  by  the  process  of  cementation, 
B^<         which  consists  in  filling  a  large  furnace  with  alternate  strata  of  bars 
of  the  purest  malleable  iron  and  powdered  charcoal,  closing  every 
aperture  so  as  perfectly  to  exclude  atmospheric  air,  and  keeping  the 
whole  during  several  days  at  a  red  heat.     By  this  treatment  the 
iron  gradually  combines  with  from  1.3  to  1.75  per  cent,  of  carbon, 
its  texture  is  greatly  changed,  and  its  surface  is  Uistered.    It  is  sub- 
sequently hammered  at  a  red  heat  into  small  bars  and  beaten,  it  is 
then  called  tilted  steel;  and  this  broken  up,  heated,  welded  and 
again  drawn  out  into  bars,  forms  ihear  steel.    Mackintosh  of  Glas- 
gow, has  introduced  an  elegant  process  of  forming  steel  by  exposing 
heated  iron  to  a  current  of  coal  gas ;  when  carburetted  hyarogen 
is  decomposed,  its  carbon  enters  into  combination  with  iron,  and  hy- 
drogen gas  is  evolved. 
^^^.  1001.  In  ductility  and  malleability  it  is  far  inferior  to  iron ;  but 

^^^P^^^'^'  exceeds  it  greatly  in  hardness,  sonorousness,  and  elasticity.  Its 
texture  is  also  more  compact,  and  it  is  susceptible  of  a  higher  polish. 
It  sustains  a  full  red  heat  without  fusing,  and  is,  therefore,  less  fusi- 
ble than  cast  iron ;  but  it  is  much  more  so  than  malleable  iron.  By 
fusion  it  forms  cast  steel,  which  is  more  uniform  in  composition 
and  texture,  and  possesses  a  closer  grain  than  ordinarv  steel. 

1002.  When  steel  is  heated  to  a  cherry-red  colour,  and  then 
plunged  into  cold  water,  it  becomes  so  extremely  hard  and  brittle,  as 
to  be  unfit  for  almost  any  practical  purpose.    To  reduce  it  from  this 
Temper-     extreme  hardness,  is  called  by  the  workmen  ^mpertn^,  and  is  ef- 
inf.  fected  by  again  heating  the  steel  to  a  certain  point.    The  surface . 

being  a  little  brightened  exhibits,  when  heated,  various  colours 
which  constantly  change  as  the  temperature  is  increased,  and  by 
these  colours  it  has  been  customary  to  judge  of  the  temper  of  the 
steel.* 

p*  *  For  more  extended  eocoimtt  of  trmi  and  tteel,  tee  Brande's  Chem-  ii.  SS—Aikio'e 
Did,  art.  bran—Phil,  Mag.  ii.— Supplement  to  Eiwydop,  BrU.-^Repeni  ^f  BriL 
Amoc.  1887— Dumas*  IVaiadeChim.  it.  S99,andThomsoa'tiii0fa'.  Glcm.i.4Sl,4M. 
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1063.  Stael  admits  of  being  alloyed  with  sevend  other  metals,  and    *<^'  ▼- 
the  alloys*  as  appears  from  a  recent  investigation  of  Stodart  and  Alloys. 
Faraday*  ate  applicable  to  varioiis  uses. 

Zinc. 

I^lfmb,  Zn    Eqtdv,  38.d 

1004.  This  m^tal  is  obtained  from  carbonate  of  ieinc  or  calamine  On, 
and  from  the  native  sulphuret  or  hUndeA    The  zinc  of  commerce  or 
tpeUer^  is  generally  impure,  containing  sulphur,  lead,  arsenic,  cop 

per,  kc.    ft  may  be  freed  from  these  by  distillation  at  a  white  heat  Reduetion 
in  an  earthern  rietort,  to  which  a  receiver  full  of  water  is  adapted ;  of. 
but  the  first  portions  should  be  rejected  as  liable  to  contain  arsenic 
and  cadmium. 

1005.  Zinc  is  a  bluish  white  metal,  its  specific  gravity  varies  from  ProjMitiM 
6.8  to  7.1,  it  is  malleable  at  300**,  but  very  brittle  when  iu  tempera-  of  »««• 
ture  approaches  that  of  fusion^  which  is  about  773^. t    It  is  some- 
what ductilej  but  its  wire  possesses  little  tenacity. 

At  a  red  beat  it  takes  fire,  burns  with  a  bright  flame,  and  is  con- 
verted into  a  white  flocculent  substance)  formerly  called  pompludix, 
nihil  aUninif  and  /lowers  of  zi/nc. 

It  is  also  oxidized  by  dilute  sulphuric  or  hydrochloric  acid,  and  Qiidised. 
the  hydrogen  evolved  contains  a  small  quantity  of  metallic  zinc  in 
combination*^ 

1006.  Protoxide  of  Zinc.    Zn+OiZo,  or  ZnO,  32.3  1  eq.  zinc  Pxotojdd*. 
4-8  1  eq.  oxy.  =  40.3  equiv.     This  is  the  only  oxide  of  zinc  which 

acts  as  a  salifiable  base,  and  the  only  one  of  known  composition. 
It  is  generated  during  the  solution  of  ziuc  in  dilute  sulphuric  acid, 
and  may  be  obtained  iu  a  dry  state  by  collecting  the  flakes  which 
rise  during  the  combustion  of  zinc*  or  by  heating  the  carbonate  to 
redness^  At  common  temperatures  it  is  white ;  but  when  heated  to 
low  redness,  it  assumes  a  yellow  colour,  which  gradually  disap- 
pears on  cooling.  It  is  quite  fixed  in  the  fire«  It  is  insoluble  in 
water. 

1007*  The  protoxide  is  precipitated  from  its  solutions  as  a  white 
hydrate  by  pure  potassa  ot  ammonia,  and  ss  carbonate  by  carbonate 
01  ammonia,  but  is  completely  redissolved  by  an  excess  of  the  pre- 
cipitant. The  fixed  alkaline  carbonates  precipitate  it, permanently 
as  white  carbonate  of  protoxide  of  zinc. 

When  metallic  zinc  is  exposed  for  some  time  to  air  and  moisture,  Action  of 
or  is  kept  under  water,  it  acquires  a  superficial  coating  of  a  gray  ^^^'' 
matter,  which  Berzelius  describes  as  a  subHuxide.    It  is  probably  a 
mixture  of  metallic  zinc  and  the  protoxide. 

1008.  Chlonde  of  Zinc.    Zn+Cl,  or  ZnCl,  32.3  1  eq.  zinc  -pchlorido. 
35.42  1  eq.  chlor.  =:  67.72  equiv.    This  compound  is  formed,  with 
evolution  of  heat  and   light,  when  zinc  filiogs  are  introduced  into 
chlorine  gas ;  and  it  is  readily  prepared  by  dissolving  zinc  in  hy- 

*  PhiL  TVoiu.  1822,  and  Boston  Jowr.  PhiIo$,  i.  130. 

t  For  the  process  sae  Brsnde  ii.  48.       t  Darnell. 

f  Zinc  may  be  obtained  in  small  firagments  Tor  introduetion  into  a  retort  in  pre- 
paring hydrogen  gas,  by  dropping  it  in  fusion  into  cold  water.  A  preferabie  metnod 
IS  to  cast  it  into  bars  of  about  qoarter  of  an  inch  in  diameter  and  aftarwaids  break 
thtm  iaiD  piecM  of  aboot  bal/  an  inch  in  length.    W. 


264 


jlfbteb-^-Cadwiiim. 


Solphnret 
or  blende. 


Uses  of 
line. 


oittp.iV'  drochloric  acid,  evaporatiiigf  to  dryness,  and  heftting  the  residue  in 
a  tube  through  which  dry  hydrochloric  acid  gas  is  transmitted.  It 
is  colourless*  fusible  at  a  heat  a  little  abore  212^»  has  a  soft  consis- 
tence at  common  temperatures,  hence  called  butter  of  zinc,  sublimes 
at  a  red  heat,  and  deliquesces  in  the  air. 

1009.  Sulphuret  of  Zinc.  Zn+S,  or  ZnS,  32.3  1  eq.  zinc  + 
16.1  1  eq.  sulph.  =  4S.4  equiv.  This  compound  is  well  known  to 
mineralogists  under  the  name  of  zinc  Mende,  and  occurs  in  dode- 
cahedral  crystals  or  some  allied  form.  Its  structure  is  lamellatedy 
lustre  adamantine,  and  colour  mriable,  being  sometimes  yellow,  red, 
brown,  or  black.  It  may  be  formed  artificially  by  igniting,  in  a 
closed  crucible,  a  mixture  of  oxide  of  zinc  and  sulphur,  or  sulphate 
of  oxide  of  zinc  and  charcoal,  or  by  drying  the  hydrated  sulphuret 
of  zinCk     Zinc  combines  also  with  Iodine,  Bromine  and  Fluorine. 

1010.  It  has  been  proposed  to  apply  zinc  to  the  purpose  of  culi- 
nary vessels,  pipes  for  conveying  water,  sheathing  for  ships,  &c. ; 
but  it  is  rendered  unfit  for  the  first  object,  by  the  facility  with  which 
the  weakest  acids  act  upon  it,  and  for  the  remaining  ones,  by  its  con- 
siderable though  slow  oxidation,  when  exposed  to  the  operation  of 
air  and  moisture."*^ 

Cadmium. 

Csdmiam,  1011.  This  metal  discovered  by  Stromeyer  in  1817,  is  contained 
in  certain  ores  of  zinc,  and  especially  in  the  black  Jibrous  blende 
of  Bohemia.  It  has  been  detected  in  the  calamine  of  Derbyshire, 
and  in  the  zinc  of  commerce,t  and  in  the  sublimate  which  in  the 
process  for  obtaining  zinc,  rises  before  that  metal,  forming  what  the 
workmen  call  the  broum  blaze>t  It  was  called  cadmium  from 
uadfisia,  a  term  applied  both  to  calamine  and  to  the  volatile  matters 
which  rise  from  the  furnace  in  preparing  brass. 

1012.  A  very  elegant  process  for  separating  zinc  from  cadmium 
was  proposed  by  Wollaston.  The  solution  of  the  mixed  metals  is 
put  into  a  platinum  capsule,  and  a  piece  of  metallic  zinc  is  placed 
in  it.  If  cadmium  is  present,  it  is  reduced,  and  adheres  so  tena- 
ciously to  the  capsule,  that  it  may  be  washed  with  water  without 
danger  of  being  lost.  It  may  then  be  dissolved  either  by  nitric  or 
dilute  hydrochloric  acid.^ 

1013.  Cadmium,  in  colour  and  lustre,  has  a  strong  resemblance  to 
tin,  but  is  somewhat  harder  and  more  tenacious.  It  is  very  ductile 
and  malleable.  Its  sp.  gr.  is  8.604  before  being  hammered,  and 
S694  afterwards.  It  melts  at  about  the  same  temperature  as  tin, 
-and  is  nearly  as  volatile  as  mercury.     When  heated  in  the  open 
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Propertxei. 


*  It  has  been  employed  in  the  U.  S.  at  a  coTering  for  the  roofs  of  bnildinn,  but  is 
in  many  sitnatiooa  quite  uofil  for  that  purpose.  See  a  paper  on  this  subjectoy  Gale, 
in  Amer.  Jovr,  vol.  zxxii.  3i5. 

t  Arm.  qf  PkUm.  xf,  273,  and  N.  a  iii.  1S3. 

t  Arm.  Philot.  iii.  436.  Some  portioos  of  this  substance  yieMed  from  12  to  20  per 
cent  of  cadmium.    Ann.  of  PhUo$.  xiT.  and  xiu. 

f  V^  StrooMyer's  process  see  Tomer,  p.  331 . 


Tin.  265 

air,  ii  absorbs  oxygen,  and  is  converted  into  an  oxide,  and  in  readily    8>ct«v. 
oxidized  and  dissolved  by  nitric  acid,  which  is  its  proper  solvent.* 

Tin. 

Symb.  Sii    Equiv,  5d.9 

1014.  The  properties   of  tin  must  be  examined  in  the  state  of  Tin. 
grain-tin  or  block   tin ;  what  is  commonly  known  by  the  name  of 
tin,  being  nothing  more  than  iron  plates  with  a  thin  covering  of  this 
metal.     Several  varieties  of  tin  are  met  with  in  commerce.! 

1015.  This  metal  has  been  known  from  the  remotest  ages.  It 
was  in  common  use  in  the  time  of  Moses,  and  was  obtained  at  a 
very  early  period  from  Spain  and  Britain  by  the  Phcenicians.t 

The  native  oxide,  found  in  Cornwall  and  some  other  counties,  is 
the  principal  ore  of  tin  ;$  the  metal  is  obtained  by  heating  it  to  red-  To  obtain 
ness  with  charcoal.     To  obtain  pure  tin  the  metal  should  be  boiled  P*"*  ^'** 
in  nitric  acid,  and  the  oxide  which  falls  down   reduced  by  heat  in 
contact  with  charcoal  in  a  covered  crucible.ll    U. 

1016.  Tin  has  a  silvery  white  colour,  is  considerably  harder  than 

lead,  scarcely  at  all  sonorous,  very  malleable,  though  not  very  te-  PrapertlM. 
nacious.  Under  the  hammer  it  is  extended  into  leaves,  called  tin^ 
foil,  which  are  about  Y^xfTT  ^^  &"  ^^^^  thick.lT  Its  sp.  gr.  is  about 
7.291.  It  melts  at  442°,  and  by  exposure  to  heat  and  air  is  grad- 
ually converted  into  a  gray  protoxide.**  Placed  upon  ignited  char- 
coal under  a  current  of  oxygen  gas,  it  burns  very  brilliantly. 


*  Oxide  of  Cadmium,  Cd+O,  Cd,  or  CdO,  55.8  1  ea.  cad.  +  8  1  eq.  oxy.  =  63.8 
equir.  The  only  known  oxide  of  cadmium^  is  prepared  r»y  igniting  its  carbonate,  has 
an  orange  colour,  is  fixed  in  the  fire,  and  is  insoluble  in  water. 

Sulphuret  of  Cadmium.  Cd4S,  or  CdS,  65.8  1  eo.  cad.  +  16.1  1  eq.  sulph.  =71.9 
eqair.  It  occurs  in  mixture  or  corahination  in  some  Kinds  of  zinc  blende.  Cadmiam 
combines  with  Chlorine,  Iodine  and  Fluorine. 

t  For  the  discrimination  of  which  and  the  meansof  judginff  of  its  puritv,  Vanqaelin 
has  given  useful  instructions  in  the  77th  vol.  of  the  Ann.  de  OUm  ana  an  interest- 
ing  account  of  the  ores  of  tin,  and  of  the  processes  for  extracting  the  metal  in 
Cornwall,  has  been  given  by  Taylor  in  the  6th  vol.  of  the  Tram.  Geolog:  Soc, 
Idmd, 

t  Pliny,  lib.  it.  cap.  34,  and  xxxiv.  cap.  47. 

§  In  some  of  the  valleys  of  Cornwall,  tin  is  found  in  rounded  nodules,  of  various  tttMa  tio. 
sizes,  mixed  with  pebbles  and  rounded  fragments  of  rocks.  To  separate  the  tin  from 
the  alluvial  matter,  currents  of  water  are  passed  over  it,  and  hence  these  deposits 
have  lieen  called  stream  tporks^  and  the  tin  ore,  stream  tin.  A  modification  of  stream 
tin  is  called  wood  tin.  It  usually  appears  in  small  banded  fragments  of  globular 
masses. 

11  The  process  is  described  at  length  in  Aikin's  Diet'  Art.  Tin. 

11  The  process  of  making  tin-foil  consists  simpiv  in  hammering  out  a  number  of 
plates  of  the  metal,  laid  together  upon  a  smooth  block  or  plaie  of  iron.  The  smallest 
sheets  are  the  ihinnest. 

**  A  preparation  under  the  nome  ofjH/wdered  tin  is  sometimes  directed  to  be  pre* 
pared  for  unarmaceutical  use,  by  shaking  the  melted  metol  in  a  wooden  box  rnboed  P«vd«Mi  Ub. 
with  chalk  on  the  inside :  tin  Jiang's  have  also  a  place  in  some  PharmocoDceite,  and 
have  been  u»ed  as  a  vermifuge  These  preiMrations  are,  however,  both  uangeroas. 
the  metal  being  rendered  poisonous  in  the  mrmer  case  1)^  a  slight  oxidation,*  ana 
of^en  creating  very  dangerous  irritation  when  Riving  in  filinvs. 

The  moiree  metalliquef  or  crystallized  tin  plate  as  it  is  called,  is  prepared  as  fol-  „^^ 
lows.     The  sheet  or  plate  of  tinned  iron  is  heated  until  a  drop  of  water  allowed  to  JIJJ**  "*'*^' 
fall  upon  its  surface  begins  to  \mi\  immediately ;  one  of  the  sides  is  then  washed  with 
a  mixture  of  4  paru  by  measure  of  water,  I  of  nitric  and  1  of  hydrochloric  acid.  The 

*  Orflla,  TVaUs  ass  Psinms,  T.  1.  2om  partia,  p.  18. 
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^P'^-       1017.  Protoxide  of  Tin.    Sn+0,  So,  or  Sno,  68.9  1  eq.  lin.  +  8 
Protoxide,  J  eq.  oxy.  =  66.9  equiv.     When  protochloride  of  tin  in  solation  is 
mixed  with  an  alkaline  carbonate,  hydrated  protoxide  of  tin  fallsi 
which  may  be  obtained  ns  such   in  a  dry  form  by  washing  with 
warm  water,  and  drying  at  a  heat  not  above  196^,   with  the  least 
possible  exposure  to  the  air.     The  best  mode  of  obtaining  the  anhy* 
drous  protoxide  is  by  heating  the  hydrate  to  redness  in  a  tube  from 
which  air  is  excluded  by  a  current  of  carbonic  acid  gas.     The  sam« 
oxide  is  formed  when  tin  is  kept  for  some  time  fused  in  an  open  ves- 
sel.   T.  323. 
Propertiet,       1018.  Protoxide  of  tin  has  a  sp.  gr.  of  6.666.     At  common  tem- 
peratures it  is  permanent  in  the  air,  but  if  touched  by  a  red  hot 
body,  it  takes  fire  and  is  converted  into  the  binoxide.    It  is  dissolved 
by  the  sulphuric  and  hydrochloric  acids,  as  also  by   dilute   nitric 
acid  ;  and  the  pure  fixed  alkalies  likewise  dissolve  it     From  the 
alkaline  solution,  metallic  tin  is  gradually  deposited,  and  binoxide  of 
tin  remains  in  solution. 
Characten      1019.  Its  salts  are  remarkably  prone  to  absorb  oxygen,  both  from 
a  utMits.  ^^^  ^jy  ^^^  ^^^^  compounds  which  yield  oxygen  readily.     Thus  it 
converts  sesquioxide  of  iron  into  protoxide,  and  throws  down  mer- 
cury, silver,  and  platinum  in  the  metallic  state  from  their  salts. 
Porple  of    With  a  solution  of  gold  it  causes  a  purple  precipitate,  the  purple  of 
^^'     Cassiug,  which  appears  to  be  a  compound  of  binokide  of  tin  and  pro- 
toxide of  gold.^     By  this  character  protoxide  of  tin  is  recognized 
with   certainty.     It  is  thrown  down  by  hydrosulpburic  acid  as  black 
protosulphuret  of  tin. 

Snquioi-        1020.  Sesquioxide  of  Tin,  2Sn+30,  Sn,  or  Sn'0»,  117.8  2  eq. 

***••  tin  +  24  3  eq.  oxy.  =  141.8  equiv.,  may  be  made  by  mixing  re- 

cently precipitated  and  moist  hydrated  sesquioxide  of  iron  with  a 
solution  of  protochloride  of  tin.  Its  solution  in  hydrochloric  acid 
strikes  the  purple  of  Cassius  with  gold. 

Binoxide.  1021.  Binoxide  of  Tin,  Sn+20,  Sn,  or  SnO',  58.9  1  eq.  tin  + 
16  2  eq.  oxy.  =  74.9  equiv.,  is  most  conveniently  prepared  by  the 
action  of  nitric  acid  on  metallic  tin.  Nitric  acid,  in  its  most  concen<' 
trated  state,  does  not  act  easily  upon  tin  ;  but  when  a  small  quantity 
of  water  is  added,  violent  effervescence  takes  place  owing  to  the  evo' 
lution  of  nitrous  acid  and  binoxide  of  nitrogen,  and  a  white  powder, 
the  hydrated  binoxide  is  produced.  On  edulcorating  this  substance, 
and  heating  it  to  redness,  watery  vapour  is  expelled,  and  the  pure 
binoxide,  of  a  straw-yellow  colour,  remains.     In  this  process  ammo- 

gurface  assames  a  beautiful  crystalline  appearance,  and  by  beating  the  vlate  at  par* 
ticular  parts  with  (be  blow-pipe,  or  exposing  different  parts  to  higher  «na  lower  tern* 
peratures,  a  trreat  variety  of  ngnres  may  be  produced,  which  will  be  seen  on  washing 
the  plate  witti  water.  The  various  colours  which  it  is  made  to  assume  aro  commo- 
nicated  by  giving  it  a  coaling  of  difierent  coloured  Tarnishes.  The  tin  plates  used 
for  this  purpose  should  have  a  good  coating  of  metallic  tin,  or  the  iron  below  will  be 
exposed. 

Rarpu  of  cu.      *  This  compound  is  used  to  colour  glass  of  a  purple  coloar,  and  is  made  by  diasolv- 
'*^*'  ing  a  few  grams  of  tin  in  hydrochloric  acid,  diluting  the  solotioa  with  a  lar^Ke  quan- 

tity of  distilled  water,  as  a  gallon  to  a  drachm  mesMire  of  the  solution,  and  dropping 
into  the  diluted  liquid  20  or  30  drops  of  the  solution  of  gold  ht  miro-hydrochioric 
acid  (637)  to  each  gallon.  In  the  space  of  three  or  four  days,  a  porple  precipitate  ia 
obtained,  which  is  separated  by  filtration,  washed  and  dried.  Gray's  Optratwt  Oiem. 
720. 


Sul]^rU8  of  Tin.  267 

nia  is  geaerated,  a  circumstance  which  proves  water  as  well  as  nitric    Sect,  v. 
acid  to  be  decomposed.     Binoxide  of  tin  may  likewise  be  obtained 
bj  precipitation  from  a  solution  of  bichloride  of  tin,  by  potassa,  am- 
monia, or  alkaline  carbonates. 

1022.  it  is  apt  to  separate  from  acids  spontaneously  as  a  gelati- 
nous hydrate.     It  acts  the  part  of  a  feeble  acid  and  forms  soluble 
compounds  with  the  alkalies  called  stannates.     When  melted  with  Stannates. 
glass  it  forms  white  enamel* 

102a  ProtocUoride  of  Tin.  Sn+Cl,  or  SnCl,  68  9  1  eq.  tin  +  Protochlo. 
35  42  1  eq.  chlor.  =  9432  equiv.,  is  obtained  by  transmitting  hy- "  "' 
drochloric  acid  gas  over  tin  heated  in  a  glass  tube,  and  hydrogen 
gas  is  evolved ;  or  by  distilling  a  mixture  of  granulated  tin,  with  an 
equal  weight  of  bichloride  of  mercury,  or  of  an  amalgam  of  tin  with 
calomel,  urging  the  heat  till  the  mercury  is  expelled.  A  gray  fusi- 
ble solid  of  a  resinous  lustre  is  obtained.  It  is  obtained  also  in  crys- 
tals from  a  concentrated  solution  of  the  chloride. 

1024.  A  solution  of  protochloride  of  tin  is  obtained  by  heating  solntion. 
granulated  tin  in  strong  hydrochloric  acid  as  long  as  hydrogen  gas 
continues  to  be  evolved.     This  solution  is  much  employed  as  a  de- 
oxidizing agent. 

1025.  Bichloride  of  Tin,     Sn+2C1,  or  SnCl\  58.9  1  eq.  tin  +  Bichloride, 
70.84  2  eq.  chlor.   =   129.74  equiv.     When  protochloride  of  tin  is 
heated  in  chlorine  gas,  or  on  distilling  a  mixture  of  8  parts  of  granu- 
lated tin  with.24  of  bichloride  of  mercury,  a  very  volatile,  colourless 

liquid  passes  over,  which  is  bichloride  of  tin.  In  an  open  vessel  it 
emits  dense  white  fumes,  caused  by  the  moisture  of  the  air,  and 
hence  it  was  formerly  called  the  fuming  liquor  of  Libavius,  who 
discovered  it.  At  248°  it  boils,  and  the  sp.  gravity  of  its  vapour  was 
found  by  Dumas  to  be  9.1997.  With  one  third  of  its  weight  of  wa- 
ter it  forms  a  solid  hydrate,  and  in  a  larger  quantity  of  water  dis- 
solves. 

1026.  The  solution  commonly  called  permuriate  of  tin,  is  much  Sblntion  or 
used  in  dyeing,  and  is  prepared  by  dissolving  tin  in  nitro-hydrochlo-  permuriaie. 
ric  acid.     The  process  requires  care  ;  for  if  the  action  be  very  rapid, 

as  is  sure  to  happen  if  strong  acid  be  employed  and  much  tin  added 
at  once,  the  peroxide  will  be  spontaneously  deposited  as  a  bulky  hy- 
drate, and  be  subsequently  redissolved  with  great  difficulty.  But  the 
operation  will  rarely  fail  if  the  acid  is  made  with  two  measures  of 
hydrochloric  acid,  one  of  nitric  acid,  and  one  of  water,  and  if  the  tin 
is  gradually  dissolved,  one  portion  disappearing  before  another  is 
added.  The  most  certain  mode  of  preparation,  however,  is  to  pre- 
pare a  solution  of  the  protochloride,  and  convert  it  into  the  bichloride 
either  by  chlorine,  or  by  gentle  heat  and  nitric  acid. 

1027.  Protondpkuret  of  Tin,  Sn+S,  or  SnS,  58.9  1  eq.  tin  -|-  Sulpharcu, 
16.1  1  eq.  sulph  =  75  equiv.,  is  prepared  by  pouring  melted  tin  up- 
on its  own  weight  of  sulphur,  and  stirring  rapidly  with  a  stick  during 

che  action ;  as  some  tin  usually  escapes  the  sulpbur  from  the  latter 
being  rapidly  expelled,  the  product  should  be  pulverized,  mixed  with 
its  weight  of  sulphur,  and  projected  in  successive  portions  into  a  hot 
Hessian  crucible,  and  then  heated  to  redness.  It  is  a  brittle  com- 
pound, of  a  bluish-gray,  nearly  black  colour,  and  metallic  lustre, 
which  fuses  at  a  red  heat,  and  airquires  a  lamellated  texture  in 
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Ctep.iv*   cooling.     It  is  dissolyed  by  hydrochloric  acid  with  evolution  of  hy» 
drosulphuric  acid.^ 

1028.  Bisulphuret  of  Tin,  Sn+2S,  or  SnS',  6a9  1  eq.  tin  + 

Auromma  32.2  2  eq.  suiph.  =  91.1  equiv.,  (aurum  munvum,)  is  formed  by 

"''*°'»  heating  sulphur  with  peroxide  of  tin,  or,  by  healing  in  a  matrass  a 
powdered  amalgam  of  12  parts  of  tin  and  6  of  mercury,  mixed  with  7 
parts  of  flowers  of  sulphur  and6  of  hydrochlorale  of  ammonia.t  A  gen- 
tle heat  is  to  be  applied  till  the  white  fumes  cease  to  appear,  when 
the  heat  is  to  be  raised  to  redness,  and  kept  so  for  some  time.  On 
cooling,  the  aurwn  mtuivwn  (or  Mosaic  Gold)  may  be  obtained 
by  breaking  the  matrass.  It  is  of  a  beautiful  gold  colour,  and  flaky 
in  its  structure. 

Properties,  1029,  It  has  no  taste,  is  not  soluble  in  water,  acids  or  alkaline  so- 
lutions. It  is  used  as  a  pigment  for  giving  a  golden  colour  to  small 
statue  or  plaster  figures.  It  is  likewise  said  to  be  mixed  with  melted 
glass  to  imitate  lapis  lazuli. 

Ofittmlts.  1030.  The  salts  of  tin  are  mostly  soluble  in  water  ;  they  are  pre- 
cipitated of  an  orange  colour,  by  hydriodic  acid  and  by  hydrosulphu* 
ret  of  ammonia,  provided  no  excess  of  acid  be  present. 

1031.  Tin  forms  useful  alloys  with  many  of  the  metals.  Pewter 
is  one  of  these ;  and  the  best  kind  of  it  is  entirely  free  from  lead,, 
being  composed  chiefly  of  tin  with  small  proportions  of  antimony, 

Alloys.  copper,  and  bismuth.  An  amalgam  formed  by  gradually  adding 
three  parts  of  mercury  to  twelve  of  tin  melted  in  an  iron  ladle, 
and  stirring  the  mixture,  is  much  used  in  silvering  looking  glasses. 
With  potassium  and  sodium,  tin  forms  brittle  white  alloys.  Its  alloy 
with  manganese  is  not  known.  It  does  not  readily  combine  with 
iron,  but  tin-plate  may  be  considered  as  an  imperfect  alloy  of  those 
metals.     With  zinc  it  forms  a  hard  brittle  alloy.t 

CobalU^ 

Symb.  Co       Eqviv.  89.6 

1032.  This  metal  occurs  combined  with  arsenic,  sulphur,  iron  and 
Cobalt,       nickel ;  and  according  to  Stromeyer  is  a  constant  ingredient   in 

meteoric  iron.     It  is  chiefly  obtained  in  Saxony. 

1033.  It  mav  be  obtained  from  the  zaffre  oT commerce  which  is  an  impure  ox- 
How  ob-  ide,  and  which,  heated  with  a  mixture  of  sand  and  potash,  affords  the  beautiful 
taiDod  pare,  blue  glass  known,  in  powder,  as  snuUt,    Dissolve  zanre  in  hydrochloric  acid  and 

transmit  through  the  solution  a  current  of  hydrosulphuric  acid  gas  until  the  arse- 
nious  acid  is  completely  separated  in  the  form  of  orpiment.  The  61tered  liquid 
is  then  boiled  with  a  litUe  nitric  acid,  in  order  to  convert  the  protoxide  into  sesqui- 
oxide  of  iron,  and  an  excess  of  carbonate  of  potaasa  is  added.     The  precipitate, 

* Setquindphuret  of  Tin,  2Sn4-3S,  or  Sn'S^,  1 17.8  2  eq.  tin  -f  48.3  3  eq.  stilph.  = 
166.1  equiv.,  is  formed  by  mixing  the  protosulphuret  in  fine  powder  with  a  third  of  its 
weight  of  sulphur,  and  heating  the  mixture  to  low  redness  uutil  sulphur  ceases  to  es- 
cape. Its  colour  is  of  a  deep  grayish -yellow;  it  is  reconverted  l>y  a  strong  heat  into 
the  protosulphuret,  end  dissolTes  m  hydrochloric  acid  gas,  yielding  hydrosulphuric 
add  gas  and  a  residue  of  bisulphuret  of  tin. 

t  Or  heat  two  parts  of  binoxide  of  tin,  two  of  sulphur,  and  one  of  sal  ammoniac  to  a 
low  red  heat  as  long  as  sulphurous  acid  rises. 

t  On  the  alloys  of  tin,  a  memoir  of  Dassanssoy  may  be  consulted  in  the  6tb  toI.  of 
Aim.  de  Chinu  et  Pkya. ;  and  Cbaudet's  paper  in  the  same,  and  in  the  7th  Toluroe. 

6  its  name  is  derived  from  tbe  term  Kobold,  cm  evil  tpiril,  applied  to  it  by  the  Ger- 
man miners  at  a  time  when  they  were  ignorant  of  its  mlue,  and  considered  it  nnfa- 
Tourmble  to  the  presence  of  Taluablc  metals. 
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consistinff  oFsesauioxide  of  iron  and  carbonate  of  protoxide  of  cobalt,  after  being  Sect.  V. 
well  wanned  with  water,  is  digested  in  a  solution  of  oxalic  acid,  which  dissolves 
the  oxide  of  iron  and  leaves  the  oxide  of  cobalt  in  the  form  of  an  insoluble  oxa- 
late.* On  heating  this  oxalate  in  a  retort  from  which  atmospheric  air  is  excluded, 
a  larjEe  quantity  of  carbonic  acid  is  evolved,  and  a  black  powder,  metallic  cobalt, 
is  left.t 

The  pure  metal  is  easily  procured  also  by  passing  a  current  of  dry 
hydrogen  gas  over  oxide  of  cobalt  heated  to  redness  in  a  tube  of  por- 
celain. In  this  state  it  is  porous,  and  if  formed  at  a  low  tempera- 
ture it  inflames  spontaneously. 

1034.  Cobalt  is  a  brittle  metal,  of  a  Yeddish-gray  colour,  and  weak  Properties, 
metallic    lustre.      Its    density,    according    to    Turner,    is   7.834. 

It  fuses  at  a  heat  rather  lower  than  iron,  and  when  slowly  cooled  it 
crystallizes.  It  has  usually  been  considered  to  be  attracted  by  the 
magnet,  but  the  pure  metal  is  not  so.t 

1035.  By  exposure  to  the  atmosphere  cobalt  is  tarnished,  but  not 
oxidized  to  any  extent.  In  an  intense  heat  it  burns  with  a  red  flame ; 
but,  if  pure,  it  is  not  easily  oxidized  by  a  moderate  temperature.  It 
is  oxidized  by  nitric  acid,  and  decomposes  water  at  a  red  heat. 

1036.  Protoxide  of  CobalL     Co+O,  Co,  or  CoO,  29.6  1  eq.  cob.  Protoxide, 
+  8  1  eq.  oxy.   =  37.5  equiv.     This  oxide  is  of  an  ash-gray 
colour,  and  is  the  basis  of  the  salts  of  cobalt,  most  of  which  are  of  a 

pink  hue.  When  heated  to  redness  in  open  vessels  it  absorbs  oxygen, 
and  is  converted  into  the  sesquioxide.  It  may  be  prepared  by  de- 
composing carbonate  of  the  protoxide  by  heat  in  a  vessel  from  which 
atmospheric  air  is  excluded.  It  is  recognised  by  giving  a  blue  tint 
to  borax  when  melted  with  it ;  and  is  employed  in  the  arts  in  the 
form  of  smalt,  for  communicating  a  similar  colour  to  glass,  earthen- 
ware, and  porcelain. 

1037.  Protoxide  of  cobalt  is  precipitated  from  its  salts  by  pure  Precipiu> 
potnssa  as  a  blue  hydrate.     Pure  ammonia  likewise  causes  a  blue  ^^' 
precipitate,  which  is  redissolved  by  the  alkali  if  in  excess.     It  is 
thrown  down  as  a  pale  pink  carbonate  by  carbonate  of  polassa,  soda, 

or  ammonia;  but  an  excess  of  the  last  redissolves  it  with  facility. 
Hydrosulphuric  acid  produces  no  change,  unless  the  solution  is  quite 
neutral,  or  the  oxide  is  combined  with  a  weuk  acid.  Alkaline  hy- 
drosulphates  precipitate  it  as  a  black  protosulphuret.^ 

1038.  Chloride  of  Cobalt     Co+Cl,  or  CoCl,  29.5  1  eq.  cob.  +  Chloride. 
35.42  1  eq.  chlor.  =  64.92.  equiv.  •  It  is  obtained  in  solution  on  dis- 
solving metallic  cobalt,  its  protoxide,  or  either  of  the  other  oxides  in 
hydrochloric  acid,  with  evolution  of  hydrogen  gas  with  the  first  and 

of  chlorine  with  the  latter.  It  yields  a  pink-coloured  solution,  and 
by  evaporation  small  crystals  of  the  same  colour  containing  water  of 
crystallization.  When  deprived  of  water  its  colour  is  blue,  a  clia- 
racter  on  which  is  founded  its  use  as  a  sympathetic  ink  :  when  let- 
ters are  written  with  a  dilute  solution  of  the  chloride,  the  colour  is  so 
pale  that  it  is  invisible  in  the  cold  ;  but  on  heating  gently,  the  letters 

*  Laugier.  t  Thomson  in  Ann.  o/Philos.^  N.  S.  i.  t  Faraday. 

S  When  a  salt  of  cobalt  is  treated  with  pure  ammonia  in  close  vessels,  part  of  the  co« 
bait  is  dissolved,  and  part  subsides  in  ibrm  of  a  blue  powder.  On  admiuing  atinos* 
pheric  air,  this  substance  passes  to  a  higher  state  of  oxidation,  and  is  gradually 
dissolved.  If  nitrate  of  cobalt  is  used,  a  double  salt  maybe  obtained  in  crystals, 
which  L>  Gmelin  believes  to  consist  of  nitrate  and  eobaltaU  of  ammoaia.  The  exist- 
eoet  of  this  acid,  however,  hat  not  yiet  been  established. 
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Oh>p>iv.  appear  of  a  blue  colour,  and  disappear  as  soon  as  the  chloride  has 
recovered  its  moisture  from  the  atmosphere.  When  iron  or  nickel  is 
present,  the  dry  chloride  of  cobalt  is  green  instead  of  blue.^ 

1039.  The  alloys  of  cobalt  are  unimportaot.  The  chief  use  of 
this  metal  is  in  the  state  of  oxide  as  a  colouring  material  for  porce<- 
lain,  earthenware,  and  glass )  it  is  principally  imported  from  Ger- 
many in  the  state  of  zaffre  and  snudc,  or  Azure.  Smalt  and  azure 
are  made  by  fusing  zanre  with  glass  or  by  calcining  a  mixture  of 
equal  parts  of  roasted  cobalt  ore,  common  potashi  and  ground  flints. 
A  blue  glass  is  formed  which  k*  while  hot,  is  dropped  into  water,  and 
afterwards  reduced  to  a  very  fine  powder* 


Ora», 


Radoced. 


PropartMt. 


lok 


WoUuion* 


CBTd*. 


Nickd. 

Symb,  Ni       Bguio.  29.6 

1040.  Nickel  is  found  native,  and  is  a  constituent  of  meteoric  iron.f 
It  occurs  likewise  in  the  copper-coloured  mineral  of  Westphalia, 
termed  copper'nickel,  a  native  arseniuret  of  nickel,  which  in  additioQ 
to  its  chief  constituents!  contains  sulphuri  iron,  cobalt  and  copper* 
The  combinations  of  nickel  may  be  prepared  from  its  ore,  or  from  the 
artificial  arseniuret  called  speiss.t 

The  metal  may  be  procured  by  heating  the  oxalate  in  close  ves- 
sels, or  by  the  combined  action  of  heat  and  charcoal,  or  hydrogen, 
on  protoxide  of  nickel.^ 

1041.  Crystals  of  nitrate  of  nickel,  when  placed  in  a  cavity  scoop- 
ed out  of  a  piece  of  charcoal^  and  exposed  to  the  oxy-hydrogeo 
blow-pipe,  afford  a  bead  of  metallic  nickel.  This,  however,  is  a 
process  obviously  adapted  to  yield  only  very  minute  quantities  of 
nickel. 

1042.  Nickel  is  of  a  white  colour  between  that  of  tin  and  silver, 
with  a  strong  lustre,  and  is  ductile  and  malleable.     It  is  attracted  by 

*  This  toloUoD  has  been  tenned  Heiloi't  tympaihttie  ink.  It  mty  he  prepared  as 
follows :  One  part  of  oohalt,  or,  still  betler,  of  zaflre,  may  lie  digesu>d  ia  a  sand  heat, 
for  some  hour»,  with  four  parts  of  nitric  acid.  To  the  solution,  add  one  part  of  sea- 
salt  ;  and  dilute  with  four  parts  of  water.  Characters  written  with  this  solution  are 
illegihle  when  cold  ;  but  when  a  gentle  heat  is  applied,  they  assume  a  beautiful  blue 
or  sreen  colour.  This  experiment  is  rendered  more  amusins  by  drawing  the  trunk 
and  branches  of  a  tree  in  the  ordinary  manner ',  and  tracing  the  leaves  witn  the  solu- 
tion. The  tree  appears  leafiess,  till  the  paper  is  heated,  when  it  suddenly  becomes 
covered  with  beautiful  foliage.  The  addition  of  a  little  nitrate  of  copper  to 
the  solution  forms  a  sympathetic  ink,  which  by  heat  gives  a  rich  greenish  yellow  co^ 
lour.  When  a  small  quantity  of  hydrochlorate  of  soda,  of  magnesia,  or  of  lime,  is 
added  to  the  ink,  its  traces  disappear  very  speedily  on  removal  from  the  fire.    U.  346. 

t  For  an  account  of  meteoric  stones,  masses  of  iron,  &c.  which  have  fallen  from  the 
heavens,  from  the  earliest  period  down  to  1819,  see  EcUn.  Philoa  Jour,  vol.  i.  p.  321. 
See  also  Cleaveland's  Mineralogy,  p.  773,  and  Brande's  Chem.  ii.  149. 

t  For  details  see  Thomson's  Oiemiatryqf  Inorganic  Bodies^  ii.  526,  dtc.,  and  Tur- 
ner, 329. 

%  For  other  processes  see  Thomson,  ii.,  Henry,  ii.  169,  Quart  Jour,  zliv.  896,  and 
N.  S.  iii.  209. 

To  detect  the  presence  of  nickel  in  iron,  WoUaston  recommends  that  a  small  por- 
tion, which  need  not  exceed  .01  of  a  grain,  should  be  filed  from  the  sample,  and  dis- 
solved in  a  drop  of  nitric  acid ;  evaporate  this  to  dryness,  and  add  a  drop  or  two  of 
liquid  ammonia,  whicn,  when  gently  warmed,  will  dissolve  any  oxide  of  nickel  that 
may  be  present.  The  transparent  part  of  the  fluid  is  then  to  be  conducted  h^  the  end 
of  a  glass  rod  to  a  small  distance  from  the  precipitated  oxide  of  iron,  and  mixed  with 
a  drop  of  ferrocyauate  of  poiassa,  which,  it  nickel  be  present,  will  cause  an  immedi- 
ate milkiness,  not  discemibU  io  a  sohitiDQ  of  cMnmoD  irpD,  formed  asd  treated  in  tbs 
Miiia.wty.    B.  ii.  US. 
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the  magnet,  and  may  like  iron  be  rendered  magnetic,  but  loses  this    Sect,  vf . 
power  at  630''.*    Its  sp.  gr.  is  about  8.279.    It  is  very  infusible,  Fusibility. 
BUfiers  no  change  by  exposure,  but  at  a  red  beat  absorbs  oxygen,  and 
decomposes  water.     It  is  oxidized  by  nitric  acid.     Its  eq.  is  esti- 
mated  at  29.6. 

1043.  Protoxide  of  Nickel  Ni+0,  Ni,  or  NiO,  29.6  1  eq.  nick.  Protntfcte. 
+  8  1  eq.  oxy.  =  37.6  equiv.  This  oxide  may  be  formed  by 
heating  the  carbonate,  oxalate,  or  nitrate  to  redness  in  an  open  ves* 
ael,  and  is  then  of  an  ash*gray  colour;  but  after  exposure  to  a  white 
heat,  its  colour  is  a  dull  olive-green.  It  is  not  reducible  by  heat 
unaided  by  combustibles.  It  is  not  attracted  by  the  magnet.  It  is  a 
strong  alkaline  base,  and  nearly  all  its  salts  have  a  green  tint.  It  is 
precipitated  as  a  hydrate  of  a  pale-green  colour  by  the  pure  alkaliest 
but  is  redissolved  by  ammonia  in  excess ;  as  a  pale-green  carbonate 
by  alkaline  carbonates,  but  is  dissolved  by  an  excess  of  carbonate  of 
ammonia;  and  as  a  black  sulphuret  by  alkaline  hydrosulpbates. 
Hydrosulphuric  acid  occasions  no  precipitate,  unless  the  solution  is 
quite  neutral,  or  the  oxide  combined  with  a  weak  acid.t 


Section  VI.  Metals  which  do  not  Decompose  Water  at  an^  Tern* 
peratnrt^  and  the  Oxides  of  which  are  not  reduced  to  the  Metallic 
State  by  the  sole  action  of  Heat. 

1044.  Arsenic.  As,  37.7  eq.  Metallic  arsenic  occurs  native,  but  inenic, 
more  commonly  in  combination  with  other  metals.  The  substance 
known  in  the  shops  by  the  name  arsenic,  is  an  oxide,  from  which  the 
inetal  may  be  obuiined  by  mixing  it  with  half  its  weight  of  black 
flux,l  and  introducing  the  mixture  into  a  Florence  flask,  placed  in 
a  sand  bath  gradually  raised  to  a  red  heat;  a  brilliant  metallic 
sublimate  of  pure  arsenic  collects  in  the  upper  part  of  the  flask. 

Or  mix  it  with  about  twice  its  weight  of  charcoal,  both  perfectl^r  dry,  and  ez-  Obtijn^, 
]>oae  the  mixture  to  heat  in  a  crucible,  luting  another  over  it  in  an  inverted  poai- 
tion  to  collect  the  product.  $ 

*Faraday% 

t  Semiaioxide  q/  Nixkd,  2Ni-f30,  Ni,  or  Ni>OS,  69  2  eq.  nick.  +94  3  eq.  ozy.  = 

S3  equiv  ,  has  a  black  colour,  and  is  formed  by  transmitting  chlorine  gas  through  wa-  ^"^ 
ler  in  which  the  hydrate  of  the  protoxide  is  suspended,  does  not  unite  with  acids,  is 
decomposed  by  a  red  heat,  and  with  hot  hydrochloric  acid  forms  the  chloride  with  dis- 
tttgasement  of  chlorine  gas. 

Chhnde  of  MckeU  Ni+Cl,  or  NiCI,  29.6  1  w.  nick  +  36.42  1  eq.  chlor.  =  64.92 
equiv.,  is  formed  by  acting  with  hydrochloric  acid  on  metallic  nickel,  iu  protoxide,  or  ^""^^ 
aesquioxide ;  hydrogen  gas  beinjf  evolved  with  ihe  former,  and  chlorine  with  the  latter. 
It  forms  «n  emerald-green  solution,  and  Ity  evaporation  yields  crystals  of  the  same 
tint,  which  lose  water  or  deliquesce,  according  as  the  air  is  dry  or  moist. 

Protoaulphuret  of  Nickel,  Ni-f  S,  or  NiS,  29.6  I  eq  nick.  +  16.1  I  eq.  sulph.  ts 
46.6  equiv.,  is  formed  by  processes  similar  to  those  for  preparing  protoaulphuret  of 
cobalt.    The  precipitated  sulphuret  is  dark  brown  or  nearly  black. 

t  This  is  an  extremely  useful  compound  for  effecting  the  reduction  of  many  of  the 
metallic  oxides.    It  consists  of  charcoal  and  subcarbonate  of  poiassa,  and  is  best  pre-  ■»•*  "«• 
psred  by  deflagrating  in  a  crucible  a  mixture  of  one  part  of  nitre  and  two  of  powdered 
tartar.    The  mixture  remains  in  fusion  at  a  red  heat,  and  thus  suffers  the  small  glo> 
bales  of  reduced  metal  to  coalesce  into  a  button. 

9  A  small  opening  should  be  left  for  the  escape  of  gaseous  matters.  The  lower  cru- 
cible should  be  placed  in  a  sand  bath  furnace,  and  the  upper  one  be  kept  as  cool  as 
possible  and  contpletely  out  of  the  sand ;  the  process  may  be  easily  conducted  with  a 
•mall  chauffer.    Care  most  be  taken  not  to  inhale  the  ? apoor. 
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1045.  Arsenic  is  of  a  steel-blue  colour,  quite  brittle,  and  of  a  spe* 
cific  gravity  =  5.884.  It  readily  fuses,  and  in  close  vessels  may  be 
distilled  at  a  temperature  of  360^,  which  is  lower  than  its  fusing 
point.  Its  vapour  has  a  very  strong  smell,  resembling  that  of  garlic. 
Heated  in  the  air  it  easily  takes  fire,  barns  with  a  blue  flame,  and 
produces  copious  white  fumes  of  oxide. 

In  general  it  speedily  tarnishes  by  exposure  to  air  and  moisture, 
acquiring  upon  its  surface  a  dark  film,  which  is  extremely  superficial ; 
but  Berzelius  remarks  that  he  has  kept  some  specimens  in  open  ves- 
sels for  years  without  loss  of  lustre,  while  others  are  oxidized  through 
their  whole  substance,  and  fall  into  powder.  The  product  of  this 
spontaneous  oxidation,  which  is  known  under  the  name  ofjly-powder, 
is  supposed  by  Berzelius  to  be  an  oxide ;  but  it  is  more  generally  re- 
garded as  a  mixture  of  white  oxide  and  metallic  arsenic. 

•  •  • 

1046.  Arsenious  Add,  2As-|-30,  As,  or  As*0',  75.4  2  eq  arsen- 

-|-  24  3  eq.  oxy.  =  99.4  equiv.,  or,  as  it  is  commonly  called,  white 
arsenic t  or  white  oxide  of  arsenic^  is  the  best  known,  and  most  com- 
monly occurring  compound  of  this  metal ;  and  as  cases  of  poison- 
ing by  it  are  frequent,  every  person  should  be  well  acquainted  with 
its  characteristic  properties* 

1047.  Arsenious  acid  may  easily  be  procured  by  the  combustion 
of  the  metal ;  but  as  it  is  formed  during  certain  metallurgic  proces- 
ses, that  mode  is  rarely  resorted  to.  It  is  abundantly  prepared  in 
Bohemia)  from  arsenical  cobalt  ores,  which  are  roasted  in  reverbera- 
tory  furnaces,  and  the  vapours  condensed  in  a  long  chimney,  the 
contents  of  which,  submitted  to  a  second  sublimation,  afford  the 
white  arsenic  of  commerce. 

1048.  Arsenious  acid  is  white,  semi-transparent,  brittle,  and  of  a 
vitreous  fracture.  Its  sp.  gr.  is  3.7.  Its  taste  has  been  usually  de- 
scribed as  acrid,  but  it  appears  that  this  is  incorrect.  It  excites  a 
very  faint  impression  of  sweetness  and  perhaps  of  acidity.* 

1049.  Arsenious  acid  is  dimorphotis,  that  is,  susceptible  of  assum- 
ing two  cryhlalline  forms  belonging  to  different  systems  of  crystalli- 
zation. By  slow  sublimation  in  a  glass  tube,  it  is  always  obtained 
in  distinct  octohedral  crystals  of  adamantine  lustre  and  perfectly 
transparent.  Its  unusual  form  is  that  of  six-sided  scales  derived 
from  a  rhombic  prism. 

1050.  According  to  Klaproth  and  Buchholz,  1000  parts  of  water 
at  60"  dissolve  2.5  of  white  ar.senic,t  1000  parts  of  water  at  212**, 
dissolve  rather  more  than  77  parts,  and  about  30  parts  are  retained 
in  permanent  solution. 

Guibourt  has  lately  observed  that  the  transparent  and  opaque  va- 
rieties of  arsenic  differ  in  solubility.  He  found  that  1000  parts  of 
temperate  water  dissolve,  during  36  hours,  9.6  of  the  transparent, 
and  12  5  of  the  opaque  variety  :  that  the  same  quantity  of  boiling 
water   dissolves  97  parts  of  the  transparent  variety,  retaining  18 


*  See  Cristison's  experiments.    Edin,  Philos  Jour.  ziv.  3d0. 

t  It  would  take  a  lon^  time  to  prepare  a  saturated  aqueous  solution  of  white  srsenic, 
hj  contact  of  the  powder  with  water,  or  even  by  agitation ;  but  hr  boiling  the  water 
with  the  powder  for  half  an  hour,  leaving  it  to  cool,  and  afterwards  filtering.it,  a  sat- 
urated solution  will  be  at  onoe  obtained.    Faraday,  Chan.  Mamp.  174. 
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when  cold,  but  takes  up  116  of  the  opaque  yariety,  and  retains  29    geo.vi. 
on  cooling.     By  the  presence  of  organic  substances,  such  as  milk  or 
tea,  its  solubility  is  materially  impaired.* 

1051.  It  is  virulently  poisonous,  producing  inflammation  and  gan-  pouonow 
grene  of  the  stomach  and  intestines;  it  also  proves  fatal  when  ap-eflccts. 
plied  to  a  wound  ;  and  as  the  local  injury  is  in  neither  case  sufficient 

to  cause  death,  it  is  probable  that  an  induced  affection  of  the  nervous 
system  and  of  the  heart  is  the  cause  of  the  mischief.  To  get  rid 
of  the  poison  by  producing  copious  vomiting  and  purging,  and  to 
pursue  the  usual  means  of  subduing  and  preventing  inflammation, 
are  the  principal  points  of  treatment  to  be  adopted  in  cases  where 
this  poison  has  been  taken.t 

1052.  As  arsenic  either  accidentally  or  intentionally  taken,  is  a  Methods  of 
very  frequent  cause  of  death,  and  often  the  subject  of  judicial  in-^****^' 
quiry,  it  becomes  of  importance  to  point  out  the  most  eflectual  modes 

of  discovering  its  presence.  Where  arsenic  proves  fatal,  it  is  very 
seldom  found  in  the  contents  of  the  stomach  after  death,  but  is  gen- 
erally previously  voided  by  vomiting  or  by  stool ;  and  we  often  can 
detect  it  in  the  matter  thrown  oflf  the  stomach,  in  the  form  of  a 
white  powder,  subsiding  in  water.  The  inflammation  of  stomach 
which  results  is  generally  a  secondary  effect,  and  takes  place  equal- 
ly, whether  the  poison  be  swallowed  or  applied  to  a  wound. 

1053.  Several  tests  have   been   proposed  for  detecting  minute  Tctu of. 
quantities  of  arsenic  in  the  fluids  likely  to  be  met  with  in  the  stom- 
ach, the  most  valuable  are  the  am m on iaco- nitrate  of  silver,  ammo- 
niaco-sulphate  of  copper,  hydrosulphuric  acid  and  hydrogen  gas. 

1054.  The  first  object  is  to  obtain  a  concentrated  solution  of  t)ie  Methods  of 
substances  ejected,  or,  in  case  of  death,  of  the  liquids  contained  in  P~®*«^">f« 
the  stomach,  or  of  any  that  may  adhere  to  its  interior  surface.  This 

is  to  be  effected  by  means  of  washing  in  pure  water,  filtration,  and 
eyaporatioUf  A  solution  having  been  obtained,  the  tests  are  to  be 
applied,  it  having  been  previously  ascertained  that  they  are  perfectly 
pure,  as  also  the  vessels  in  which  the  experiments  are  to  be  made. 

1.  The  ammoniacal-nitrate  of  silver  is  made  by  dropping  into  a  Ammonia- 
rather  strong  solution  of  lunar  caustic,  ammonia,  till  the  oxide  of***  nitrato 
silver  at  first  thrown  down  is  ruiarly  all  dissolved.  This  liquid  contains 

the  precise  quantity  of  ammonia  required  to  neutralize  the  nitric  acid 
of  the  nitrate  of  silver.  On  dropping  it  into  the  suspected  liquid,  if 
arsenic  is  present,  a  yellow  insoluble  arlenite  of  silver  will  be  formed. 

2.  Ammoniacaj-sulphate  of  copper,  is  made  by  adding  ammonia  AmmoDia- 
to  a  solution  of  sulphate  of  protoxide  of  copper,  until  the  precipitate  ^copS?** 
is  nearly  all  dissolved.     This  test  aflbrds  a  green  precipitate  with  ar- 
senious  acid,  which  has  long  been  known  as  Scheele's  green, 

3.  The  hydrosulphuric  acid  gas,  is  to  be  obtained  from  the  usual  ^y^r^'jiK 
materials  (754)  and  conducted  by  means  of  a  suitable  glass  tube  into  ^  °"^ 
the  suspected  liquid ;  if  arsenious  acid  is  present,  the  liquid  be- 
comes yellow  and  turbid  from  the  formation  of  orpiment  or  sesqui* 
sulphuret  of  arsenic.^ 

On  drying  the  sulphuret,  mixing  it  with  black  flux,  and  heating 

*  Cbrifitison  oo  Poispns. 

♦  ^e  CbristiMn's  ExperimenUf  Edin.  PkUot.  Jour.  xiv.  3S0. 
%  The  ^paratat  (Fig.  IfS),  paga  900,  will  b«  found  coDVCBiaDt. 
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Chftp.iv.  the  mixture  contaiDed  in  a  glass  tube  to  redness  by  means  of  a  spirit- 
Reduction,  lamp,  decomposition  ensues,  and  a  metallic  crust  of  an  iron-gray 
colour  externally,  and  crystalline  on  its  inner  surface,  is  deposited 
on  the  cool  part  of  the  tube.  This  character  alone  is  quite  satisfac- 
tory ;  but  it  is  easy  to  procure  additional  efidence^  by  reconverting' 
the  metal  into  arsenious  acid,  so  as  to  obtain  it  in  the  form  of  re- 
splendent octohedral  crystals.  This  is  done  by  holding  that  part  of 
the  tube  to  which  the  arsenic  adheres  about  three-fourths  of  an  inch 
above  a  very  small  spirit-lamp  flame,  so  that  the  metal  may  be 
slowly  sublimed.  As  it  rises  in  vapour  it  combines  with  oxygen^ 
and  is  deposited  in  crystals  within  the  tube.  The  character  of  these 
crystals,  with  respect  to  volatility,  lustre,  transparency,  and  form,  i» 
so  exceedingly  well  marked,  that  a  practised  eye  may  safely  identify 
them»  though  their  weight  should  not  exceed  the  100th  part  of  a 
grain.  This  experiment  does  not  succeed  unless  the  tube  be  quite 
clean  and  dry.* 

4.  For  the  application  of  hydrogen  we  are  indebted  to  Marsh  of 
Woolwich.t  Its  utility  depends  on  the  fact  that,  whenever  nascent 
hydrogen  is  brought  into  contact  with  any  compound  of  oxygen  and 
arsenic,  water  and  arsenluretted  hydrogen  are  formed.  If  the  gas 
be  inflamed  as  it  escapes  into  the  air  from  a  flne  tube,  it  bums 
with  the  production  of  watery  vapour,  and  the  deposition  of  me- 
tallic arsenic.  By  holding  a  piece  of  clean  glass  over  the  flame, 
its  surface  is  instantly  covered  with  a  thin  coating  of  metallic  arse- 
nic ;  and  if  the  flame  be  made  to  burn  in  the  centre  of  a  glass  tube 
open  at  both  extremities^  so  as  to  admit  a  larger  supply  of  atmos- 
pheric oxygen,  it  is  covered  in  half  a  minute  with  arsenious  acid. 

The  hydrogen  is  obtained  by  introducing  a  -  ^•^*  *^' 
portion  of  the  suspected  liquid  into  a  tube  about 
thirteen  inches  in  length  and  three  fourths  of 
an  inch  internal  diameter,  or  the  glass  bucket  e, 
in  which  is  a  small  piece  of  pure  zinc  b,  sulphuric 
acid  is  added  and  the  gas  passes  out  through 
the  jet  a,  while  the  stop-cock  is  open.  When 
it  is  closed  the  gas  accumulates  in  the  upper 
part  of  the  short  leg;  on  opening  the  stop- 
cock, the  liquor  descends  from  the  longer  leg 
and  drives  out  the  gas.  * 

When  large  quantities  of  the  suspected  liquid  can 
be  obtained,  the  apparatus  (Fig.  180)  is  employed ; 
see  379. 

Liebig  recommends  that  a  fragment  of  porce* 
*  lain  be  held  in  the  flame  instead  of  the  glass,  as 
a  very  thin  film  of  metallic  arsenic  is  better 
seen  on  the  white  opaque  ground  of  the  former. 
To  avoid  the  deposition  of  other  metals,  that 
may  be  carried  up  by  the  hydrogen,  he  recom- 
mends that  the  gas  be  transmitted  through  a 
fine  tube  of  difficultly  fusible  glass,  instead  of 

*  A  tal>eof  the  annexed  form  (Fig.  181,)  has  been  recommended  by  Berzelins. 
it  shonld  be  perfectly  ciry,  and  the  mixture  introduced  by  means  of  a  small 
funnel  descending  within  the  baU,  through  which  the  mixture  may  be  passed 
without  soiling  the  tube. 

t  Edin.  PhUot,  Jnar.  Oct.  isac,  and  Trant-  Soc,  Aiit,  Li 
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burning  it  at  the  jet ;  on  bringing  a  part  of  the  glass  to  a  red  heat  8acx.vt. 
by  a  spirit'lamp,  the  arseoiuretted  hydrogen  is  decomposed  as  it 
passes,  and  the  metallic  arsenic  is  deposited  just  beyond  the  heated 
part  of  the  glass,  while  other  metals  are  deposited  in  the  hot  parts 
themselves;"^ 

1055.  The  extreme  delicacy  of  this  method  of  testing  for  arsenic 
has  been  fully  confirmed,  but  it  also  has  been  ascertained  that  it  is 
aot  the  only  one  to  be  relied  upon.  Other  metals  may  be  present* 
aa  antimony,  which  has  been  found  to  form  a  gaseous  compound) 
and  to  give  results  that  resemble  those  with  arsenic.  By  decom- 
posing the  gases  while  passing  through  a  fine  tube,  as  proposed  by 

Liebig»  and  obtaining  the  metals,  they  can  readily  be  distinguished.! 

••••• 

1056.  ArstTuc  Acid.    2AS-|^50,  As,  or  As^O",  75.4  2  eq.  arson.  Anaiie 

4-40  5  eq.  oxy.  =  115^4  equiv.  This  compound  is  made  by  dis**^**^* 
aolving  arsenious  acid  in  concentrated  nitric,  mixed  with  a  little  hy- 
drochloric acid,  distilling  in  glass  till  it  acquires  the  consistence  of 
syrup,  and  then  exposing  it  in  a  platinum  crucible  for  some  time  to 
a  heat  somewhat  short  of  low  redness  to  expel  the  nitric  acid.  The 
acid  thus  prepared  has  a  sour  n»etalllc  taste,  reddens  vegetable  blue 
colours,  and  with  alkalies  forms  neutral  salts,  which  are  termed 
urseniates.  It  is  much  more  soluble  in  water  than  arsenious  acid. 
It  is  an  active  poison. 

1057.  Arsenic  acid  is  decomposed  by  hydrosulphuric  acid  gas,  Deoompoe- 
and  yields  a  sulphuret  of  arsenic  very  like  orpiment  in  colour,  but  ^* 
containing  a  greater  proportional  quantity  of  sulphur.     The  soluble 
erseniates,  when  mixed  with  the  nitrates  of  lead  and  silver,  form 
insoluble  arseniates,  the  former  of  which  has  a  white,  and  the  latter 

a  brick-red  colour.^ 

1058.  SesguiMnide  ^f  Arsenic,  3As+3Cl,  or  As'OP,  75.4  2  eq.  Sesqni- 
arsen.  -|-  106.26  3  eq.  chlor.  =  181.66  equiv.     When  arsenic   in  «'»*<»'<*•• 


irfk^htfH^*H 


*  Liebig  ilnfk  zxiii.  217. 

t  For  minute  details,  the  manipulatum,  precaations,  soaroea  of  error,  &c.,  the  stu- 
dent most  be  referred  to  Turner's  BlemaUa  p.  333 ;  Christisoo  en  Pouon$  5  Marsh 
xm  tht  teparatum  of  artenic ;  TVans.  Boe.  of  Arts.  Li.  and  Edin.  PhUo»,  Jovr. 
Oct.  1836 ;  Reid*s  Ptae.  Chem,  341 )  Henry's  Elem.  of  Chem,  vol.  ii.  p.  688, 
10th  edit.;  to  Murray's  System,  toI.  iii.  p.  441,4th  editj  to  Bostock's  Paper  in 
the  Edin,  Med.  and  Surg.  Jour.  yo\.  ▼.  p.  166  j  Hume's  Euay  in  the  Phil,  Mag, 


643  3  Edin,  Medico.  Chirurg.  Tram.  toI.  ii. 

From  late  inTestmtioos  arsenic  possesses  the  pR>))erty  of  preserving  from 
decay  the  bodies  of  those  poisoned  with  it.  The  antiseptic  effects  sometimes 
extend  only  to  the  siomach  and  intestines,  that  is,  to  the  parts  directly  in  contact 
with  it ;  hut  in  some  instances  the  whole  body  is  preserred.  The  stomach  and  in- 
testines of  peraons  killed  with  arsenic  have  neen  found  entire  and  firm  at  the  dis- 
tance of  five,  six.  and  fourteen  months^  or  even  of  two  years  and  a  half  after  death } 
and  in  some  of  these  instances  the  poison  itself  was  detected.  Edin,  PhUoM.  Jour, 
Vll.  381. 

A  voltaic  battery  made  to  aot  on  a  little  arsenious  solution  placed  on  a  bit  of  ^lass, 
develops  metallic  arsenic  at  the  negative  pole,  and  if  this  wire  be  copper,  it  will  be 
whitened  like  tombac. 

t  Protochloride  ofArsenie.  As-fCI,  or  AsCl,  ^7.7  1  eo.  arsen.  -\-  35.42  1  eq.  chlor.  PMMUoildi» 
«s  73.12  equiv.    It  is  prepared  by  introducing  into  a  tubulated  retort  a  mixture  of 
arsenious  acid  with  ten  times  its  weight  of  concentrated  sulphuric  acid ;  and  after 
raising  its  temperature  to  near  212**,  fragments  of  sea-salt.are  throvm  in.* 

•  See  Qurt.  Jmr,  Stiam,  N.  B.  1.  22$. 
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Chap- IV'  powder  is  thrown  into  a  jar  full  of  dry  chlorine  gaa,  it  takes  fire 
and  sesquichloride  of  arsenic  is  generated ;  and  the  same  compound 
may  be  formed  by  distilling  a  mixture  of  six  parts  of  corrosiv^e 
sublimate  with  one  of  arsenic.  It  is  a  colourless  volatile  liquid 
which  fumes  strongly  on  exposure  to  the  airi  hence  called  Jummg 
liquor  of  arseniCf  and  is  resolved  by  water  into  hydrochloric  and  ar- 
son ious  acids.* 
ArMDie  ^^^^'  ArteniuretUd  Hydrogen,  2A8+dH,  or  AsIP,  75.4  2  eq. 

inU  hydro-  arsen.  -f-  3  3  eq.  hydrog.  :^  78.4  eqniv.     When  arsenic  is  present^ 
^^'  ed  10  nascent  hydrogen  a  portion  of  the  metal  combines  with  the 

ga». 

The  compoood  is  obtained  by  adding  a  portion  of  UMtallic  anenic,  or  of 
white  araenio,  to  the  mixture  of  zinc  and  dilute  sulphuric  acid  usually  employed 
for  the  production  of  hydro||en.  It  may  alio  be  obtained  by  acting  on  water 
with  a  triple  alloy  of  arsenic,  potassium,  and  antimony.  Tliis  alloy  may  be 
formed  by  heating  strongly,  for  two  hours,  in  a  close  crucible,  two  parts  of  anti* 
monv,  two  of  cream  of  tartar,  and  one  of  white  srsenic.  When  two  or  tbre« 
draonms  of  this  alloy  are  thrown  quickly  under  a  jar  inyerted  in  water,  abim* 
dance  of  aratniureUtd  hydrogen  is  disengaged. 

The  greatest  caution  should  be  used  to  avoi4  its  deleterious  effects^ 
which  were  fatal  to  M.  Grehlen.f     The  gas  may  be  collected  over 
water,  which,  however,  absorbs  one  fifth. 
Deeompos-      1060.  It  suffers  gradual  decomposition  when  mixed  with  atmos- 
•d.  pheric  air,  water  being  formed,  and  metallic  arsenic,  tc^ther  with  a 

little  oxide,  deposited.     With  iodine  it  yields  hydriodic  acid  gas  and 
iodide  of  arsenic,  and  sulphur  and  phosphorus  produce  analogous 
changes.     By  its  action  on  salts  of  the  easily  reducible  metals,  such 
as  silver  and  gold,  the  metal  is  revived,  and  its  oxygen  uniting  with 
.  the  elements  of  the  gas  constitutes  arsen ious  acid  and  water. 
Action  of        ^^  ^^  decomposed  by  chlorine,  bubbfes  of  which  may  be  passed  up 
chlorine,     into  a  jar  of  arseniuretted  hydrogen,  standing  over  warm  water ; 
flame  and  explosion  are  often  produced,  hydrochloric  acid  is  formed 
and  the  metal  set  free.     But  if  the  gas  be  passed  in  the  same  way 
into  chlorine,  no  inflammation  results,  absorption  takes  place,  ana 
hydrochloric  acid  and  chloride  of  arsenic  are  formed.     If  the  chlo- 
rine be  not  very  pure,  and  when  the  gases  are  cold,  inflammation 
seldom  follows  their  mixture.     B.  ii.  I23. 
£0^  qI>      1061.     Arseniuretted  hydrogen  in  a  glass  tube  is  completely  de« 
beat,  ate.     composed  by  the  heat  of  a  spirit-lamp,  and  its  hydrogen  occupies  one 
and  a  half  as  much  space  as  when   in  combination.     When  mixed 
with  oxygen,  and  detonated  by  the  electric  spark,  each  volume  of 
the  gas,  in  forming  water  and  arsenious  acid,  requires  one  and  a 
half  its  volume  of  oxygen  gas.     The  oxygen,  therefore,  is  equally 
divided  between  the  arsenic  and  hydrogen ;  and  arseniuretted  by- 
Compoai-    ^^^^6®"  consists  of  two  equivalents  of  arsenic  and  three  of  hydrogeur 
tien.  By  volume,  it  is  composed  of  half  a  volume  of  the  vapour  of  arsenicr 

and  three  vols,  of  hydrogen,  condensed  into  two  voIumes.t 

Stdphurets  of  Arsenic, 

8«lphareu.      ^^^'  Protogulphuret  of  Ar$enie,  As-f-S,   or  AsS,  37.7   1  eq* 
'arsen.  -f*  1^1  1  eq.  sulph.  =  53.S  equiv.     Sulphur  unites  with 

*  Dt  I>av7.       t  Atm.  dt  CfUm,  §t  Phya.  iiL  18f.      tAmu  de  Cft»m.zUii.  407. 
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arsenic  in  at  least  three  proportions,  forming  compounds,  two  of  aecuvi. 
which  occur  in  the  mineral  kingdom,  and  are  well  known  by  the 
names  of  realgar  and  orpimerU,  Realgar  or  the  protontlphuret 
may  be  formed  artiBcially  by  heating  arsenious  acid  with  about  half 
its  weight  of  sulphur,  until  the  mixture  is  brought  into  a  state  of 
perfect  fusion.  The  cooled  mass  is  crysuUline,  transparent,  and  of 
a  ruby  red  colour ;  and  may  be  sublimed  in  close  vessels  without 
change. 

1063.  Orpment^  or    Sesguisulpkuret  of  Arsenic,  2As-^S,  or  oipinnat. 
AsS',  75.4  2  eq.  arson,  -j-  48.3  3  eq.  sulph.  =  123.7  equiv.,  may 

be  prepared  by  fusing  together  equal  parts  of  arsenious  acid  and 
sulphur  ;  but  the  best  mode  of  obtaining  it  quite  pure  is  by  trans- 
mitting a  current  of  hydrosulphuric  acid  gas  through  a  solution  of 
arsenious  acid.  Orpiment  has  a  rich  yellow  colour,  fuses  readily 
when  heated,  and  becomes  crystalline  on  cooling,  and  in  close  ves- 
sels may  be  sublimed  without  change.  It  is  dissolved  with  great 
facility  by  the  pure  alkalies,  and  yields  colourless  solutions. 

1064.  Orpiment  is  employed  as  a  pigment,  and  is  the  colouring  xjg^^ 
principle  of  the  paint  called  Eing*s  ytUow,     Braconnot  has  proposed 

it  likewise  for  dyeing  silk,  woollen,  or  cotton  stuffs  of  a  yellow  colour ; 
the  cloth  being  soaked  in  a  solution  of  orpiment  in  ammonia,  and 
then  suspended  in  a  warm  apartment.  The  alkali  evaporates,  and 
leaves  the  orpiment  permanently  attached  to  the  cloth.* 

1065.  Persidphuret  of  Arsenic,  2Aa+5S,  or  As'S*.  75.4  2  eq.  persttlpho- 
eq.  arson.  -(-  80.5  5  eq.  sulph.  &=  155.9  equiv.,  is  prepared  by  trans-  ret 
mitting  hydrosulphuric  acid  gas  through  a  moderately  strong  solu- 
tion of  arsenic  acid ;  or  by  saturating  a  solution  of  arseniate  of  po- 

tassa  or  soda  with  the  same  gas,  and  acidulating  with  hydrochloric 
or  acetic  acid.  The  oxygen  of  the  acid  unites  with  the  hydrogen 
of  the  gas,  and  persulphuret  of  arsenic  subsides.  In  colour  it  is 
very  similar  to  orpiment.f 

1066.  Arsenic  forms  alloys  with  most  of  the  metals,  and  they  AUoys. 
are  fifenerally  brittle. 

1067.  Arsenic  is  used  in  a  variety  of  the  arts.    It  enters  into  roe-  Usm, 
tallic  combinations,  wherein  a  white  colour  is  required.     Glass 
manufacturers  use  it;  but  its  effect  on  the  composition  of   glass 
does  not  seem  to  be  clearly  explained. 

Chromium. 

Symb,  Cr    Eq.  SS 

1068.  Chromiumt  was  discovered  by  Vauquelin  in   1797,  in  a  Djjeovery. 
beautiful  red  mineral,  the  native  dichromate  of  oxide  of  lead.     It 

has  since  been  detected  in  the  mineral  called  chromate  of  iron^  a 
compound  of  the  sesquioxides  of  chromium  and  iron  which  occurs 
in  several  places  in  Europe  and  in  this  country. 

-  -  - 

*  An.  de  Ot.  et  de  Pk.  xii. 

t  The  ezperimeatB  of  Orfila  hate  proved  that  the  salphnrets  of  arseoic  are  potsoo- 
oat,  though  in  a  much  less  decree  than  arsenious  acid.  The  precipitated  sulphuret 
is  more  injurious  than  the  native  orpiment.  The  antidote  to  arsenious  acid  is  by- 
drated  sesquiozide  of  iron.    (Bonson.) 

t  From  X^o^uoy  coUntr,  indicatife  of  its  remarkable  tendency  to  form  coloured 
tompomids. 
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1069.  Chromium,  which  has  been  procured  in  small  quantityt 
owing  to  its  powerful  attraction  for  otygen,  may  be  obtained  by  ex« 
posing  the  sesquioxide  of  chromium  mixed  with  charcoal  to  the 
most  intense  heat  of  a  smithes  forge. 

A  more  convenient  process  is  to  decompose  the  sesquichloride  by 
heat  and  amrooniacal  gas,  in  which  case,  the  metal  has  a  chocolate* 
brown  colour.  In  this  finely  divided  state,  it  takes  fire  when  heated 
in  the  open  air.^ 

1070.  It  is  a  brittle  metal,  of  a  grayish  white  colour,  and  very 
infusible.     Its  sp.  gr.  is  5.9. 

When  fused  with  nitre  it  is  oxidized,  and  converted  into  chromic 
acid.  With  a  smaller  quantity  of  oxygen  it  forms  the  green  or  ses* 
quioxide. 

1071.  Stsquiozidt  of  Chnmium,  2Cr+30,  Cr,  or  Cr*(y,  66  2 

eq  chrom.  -|-  24  3  eq.  oxy.  =  80  equiv.  This,  the  only  known 
oxide  of  chromium,  is  prepared  by  dissolving  chromate  of  potassa  in 
water,  and  mixing  it  with  a  solution  of  nitrate  of  protoxide  of  mercu'^ 
ry ;  when  an  orange  coloured  precipitate,  chromate  of  that  oxide, 
subsides.  On  heating  this  salt  to  redness  in  an  earthen  cruciblei 
the  mercury  is  dissipated  in  vapour,  and  the  chromic  acid  is  resolved 
into  oxygen  and  sesquioxide  of  chromium. 

1072.  It  may  also  be  obtained  in  small  tabular  crystals  by  ex- 
posing  the  bichroipate  of  potassa  to  a  strong  red  heat ;  1  eq.  of 
chromic  acid  loses  oxygen,  while  the  other  forms  a  neutral  salt  with 
the  potassa.    The  latter  is  readily  removed  by  boiling  water. 

1073.  Wohler  has  obtained  this  oxide  in  fine  crystals  by  conduct- 
ing the  vapour  of  the  oxychloride  of  chromium  (foTmerly  terMaride) 
through  a  red-hot  glass  tube ;  it  is  decomposed  and  the  sesquioxide 
is  deposited  in  fine  crystals,  a  mixture  of  oxygen  and  chlorine  gases 
is  evolved. 

1074.  As  obtained  by  either  of  the  first  processes,  it  is  a  green 
powder ;  but  the  crystals  of  Wohler  are  black,  and  possess  a  strong 
metallic  lustre,  resembling  specular  iron  ore  ;  it  is  as  hard  as  corun- 
dum, and  has  a  sp.  gr.  of  5.21 ;  its  powder  is  green. 

1075.  It  is  insoluble  in  water,  and  after  being  strongly  heated  re' 
&ists  the  action  of  the  strongest  acids.  It  is  oxidized  when  defla- 
grated with  nitre.  It  communicates  a  green  colour  to  borax,  a  good 
test  of  its  presence,  and  a  useful  property  in  the  arts.  To  it  the 
emerald  owes  its  colour. 

1076.  Sesquioxide  of  chromium  is  a  salifiable  base,  and  its  salts, 
which  have  a  green  colour,  may  easily  be  prepared  in  the  following 
manner. 

To  a  boiling  solution  of  chromate  ofjpotassa  in  water,  equal  measures  of  strong 
hydrochloric  acid  and  alcohol  are  added  in  successiye  small  portions,  until  the 
red  tint  of  the  chromic  acid  disappears  entirely,  and  the  liquid  acquires  a  pure 
green  colour.  On  pourin|(  an  excess  of  pure  ammonia  into  this  solution,  a  pale 
green  bulky  hydrate  subsides,  which  consists  of  one  equivalent  of  the  oxide  and 
twentysix  equivalents  of  water.t 

The  oxide,  in  this  state,  is  readily  dissolved  by  acids.  On  exjpel' 
ling  the  water  by  heat,  the  sudden  approximation  of  the  particles, 
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which  abruptly  ocean  at  a  certain  temperature,  causes  such  intense    a^t-vi. 
evolution  of  heat  that  the  whole  mass  becomes  vividly  incandescent. 
The  anhydrous  sesquioxide  is  formed  when  bichromate  of  potassa 
is  briskly  boiled  with  sugar  and  a  little  hydrochloric  acid. 

1077.  Chromic  Acid,  Cr+30,  Cr,  or  CrO',  28  1  eq.  chr.  +  24  3  chromic 
eq.  ojty.  =  52  equiv.,  may  be  procured  from  the  ore  called  chromate  »ad. 
of  f rem*  by  the  following  process. 

Reduce  the  ore  to  fine  powder,  heat  it  red-hot  for  two  hours,  mixed  with  half  pfQ^Q,,, 
its  weight  of  nitre ;  wush  the  contents  of  the  crucible,  and  add  to  the  lixiyium 
nitric  acid  to  neutralize  the  excess  of  potassa )  a  solution  of  nitrate  and  chromate 
of  potaraa  is  obtained.  Upon  adding  nitrate  of  lead  to  this  solution,  chromate  of 
lead  is  precipitated  in  the  form  of  a  yellow  powder^  which  is  to  be  washed,  dried, 
and  heated  to  redness.  Of  this  chromate  four  parts  are  then  well  mixed  with 
three  of  finely  powdered  and  pure  fluor  spar  (jjrevioutljr  heated  red-hot),  and  five 
of  highly  concentrated  sulphuric  acid;  this  mixture  is.introduced  into  a  distilla- 
tory apparatus  of  lead  or  platinum,  and  gently  heated  ;  a  red  vapour  is  liberated, 
which  18  conducted  into  oistilled  water  contained  in  a  vessel  or  platinum ;  it  is 
then  condensed  into  a  dark  orange-coloured  liquid ',  the  red  vapour  is  a  fluoride 
of  ehromtwrnj  and  is  resolved  by  water  into  hydrofluoric  and  coromic  acids,  the 
solution  of  which,  evaporated  in  a  platinum  vessel,  leaves  pure  chromic  acid.  If, 
instead  of  conducting  the  vapour  into  water,  it  be  receivea  into  a  platinum  ves- 
sel, containing  pieces  of  moist  blotting  paper,  it  is  decomposed  as  before ;  but  the 
chromic  acid  is  deposited  in  beautiful  acicular crystals  which  soon  deliquesce.  B. 

It  may  be  obtained  by  dropping  liydrochloric  acid  into  a  mixture  of  chromate 
of  silver  and  distilled  water,  until  the  red  brown  colour  is  reduced  to  white  with  Hayes's 
a  tinge  of  red ;  at  the  same  time  filtering  and  cautiously  addinir  a  few  drops  of  process, 
hydrochloric  acid,  till  a  white  precipitate  ceases  to  be  formed.  When  large  quan- 
tities are  required,  the  bichromate  of  lead  may  be  added  to  strong  hydrochloric 
acid,  and  the  mixture  placed  on  a  warm  sand-bath  for  a  few  hours,  occasionally 
stirring  the  mass.  Water  may  then  be  added,  and  filtered  from  the  chloride  of 
lead,  and  the  filtered  fluid  used  instead  of  the  hydrochloric  acid  in  decomposing 
the  chromate  of  silver;  in  either  process  a  solution  of  pure  chromic  acid  is  ob- 
tained.! 

1078.  Chromic  acid,  according  to  Turner,  is  black  while  warm,  properties, 
and  of  a  dark  red  colour  when  cold  ;  according  to  Hayes  it  is  yel- 
lowish-brown when  dry.     It  is  very  soluble  in  water,  rendering  it 

red  or  yellow  according  to  the  degree  of  dilution  ;  when  the  solution 
is  concentrated  by  heat  and  allowed  to  cool  it  deposits  red  crystals 
which  are  deliquescent.  The  solution  has  an  acid  and  astringent 
taste,  it  bleaches  litmus  and  blue  paper. 

1079.  Chromic  acid  is  converted  into  the  sesquioxide,  with  evolution  Deoxidii- 
of  oxygen,  by  exposure  to  a  strong  heat.     It  is  more  or  less  com-  ed. 
pletely  converted  into  the  oxide  by  being  boiled  with  sugar,  starch, 

or  various  other  organic  principles.  It  destroys  the  colour  of  indigo, 
and  of  most  vegetable  and  animal  colouring  matters  ;  a  property  ad- 

*  Hayes  in  Amer,  Jour,  xiv.  136. 

t  Another  method  consists  in  decomposing  a  hot  concentrated  solution  of  bichro-  ^,,,., 
mate  of  potassa  bjr  silicated  hydrofluonc  acid.  The  chromic  acid,  after  being  sepa-  mMhod. 
rated  from  the  sparingly  soluble  fluoride  of  silicon  and  potassium,  is  cvaporateo  to 
dryness  in  a  platinum  capsule,  and  then  redissolved  in  the  smallest  possible  quantity 
of  water.  By  this  means  the  last  portions  of  the  doQt)le  salt  are  rendered  insoluble, 
and  the  jMire  chromic  acid  may  be  separated  by  decantaiion.  The  acid  must  not  he 
filtered  in  this  concentrated  state,  as  it  then  corrodes  paper  like  sulphuric  acid,  and  is 
converted  into  chromate  of  the  sesquioxide  of  chromium.  When  it  is  wished  to  pre- 
pare a  lar^  quantity  of  chromic  acid  by  this  process,  porcelain  vessels  may  be  safely 
employed  in  the  first  part  of  the  operation,  provided  care  is  taken  to  add  a  quantity 
of  silicated  hydrofluonc  acid  not  quite  sufficient  for  precipitating  the  whole  ol  the  po- 
tassa. JSdin.  Jour,  of  8d.  viii.  176 ;  see  also  Henry's  Oiem,  ii.  62,  Brewster's  Jour, 
zvii.  176,  and  Gray's  Oper.  Chtm.  760. 
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Procew. 


Ozychlo- 

ride. 


Ctopyt^'  vantageously  employed  in  calico  printinjer*  >nd  which  manifestly 

depends  on  the  facility  with  which  it  is  deprived  of  oxygen. 
Colour  &«..  1090.  Chromic  acid  is  characterized  hy  its  colour,  and  by  forming 
coloured  salts  with  alkaline  bases.  The  most  important  of  these 
salts  i^  chromate  of  protoxide  of  lead,  which  is  found  native  in  sniati 
quantity,  and  is  easily  prepared  by  mixing  chromate  of  potassa  with  a 
soluble  salt  of  lead.  It  is  of  a  rich  yellow  colour,  and  is  employed 
in  the  arts  of  painting  and  dyeing  to  great  extent.^ 

1081.  Perfiuoride  of  Chromium.  CrF*  ?  When  a  mixture  of  three 
parts  of  fluor  spar  and  four  of  chromate  of  protoxide  of  lead  is  dts* 
tilled  with  five  parts  of  fuming  or  even  common  sulphuric  acid  in  a 
leaden  retort,  a  red-coloured  gas  is  disengaged,  which  acts  rapidly 
on  glass,  with  deposition  of  chromic  acid  and  formation  of  fluo-silicic 
acid  gas.     It  is  absorbed  by  water,  and  the  solution  is  found  to  con* 

PfopertiM.  tain  a  mixture  of  fluoric  and  chromic  acids.  The  watery  vapour  of 
the  air  effects  its  decomposition,  so  that  when  mixed  with  air,  red 
fumes  appear,  owing  to  the  se|mration  of  minute  crystals  of  chromic 
acid.     Its  true  composition  is  not  yet  determined. 

Oxychlaride  of  Chromium^  CrCr-|-2CrO*,  238.26  equiv.,  was  dis- 
covered at  the  same  time  as  the  preceding,  end  was  'obtained  hy 
the  action  of  fuming  sulphuric  acid  on  a  mixture  of  about  equal 
weights  of  chromate  of  protoxide  of  lead  and  chloride  of  sodium. 
It  is  a  heavy  red  liquid,  volatile  and  yielding  red  vapours  when  ex- 
posed to  the  air.  It  is  decomposed  by  water  into  hydrochloric  and 
chromic  acids. 

Vanadium. 

Symh.  V        Equiv.  68.6 

1082.  Vanadium,  so  called  from  Variadis^  the  name  of  a  Scandi- 
navian Deity,  was  discovered  in  the  year  1830,  by  Sefstrom,  of  Fah- 
lun,  in  iron  prepared  from  the  iron-ure  of  Taberg,  in  Sweden.  He 
afterwards  found  a  more  abundant  source  in  the  sla^  or  cinder 
furmed  during  the  conversion  of  the  cast  iron  of  Taberg  into  the  mal- 
leable iron.  Soon  after,  the  same  metal  was  found,  by  Johnson,  in  a 
a  mineral  from  Wanlock-head,  in  Scotland,  where  it  occurs  as  a  va- 
nadiate  of  protoxide  of  lead.  A  similar  mineral,  found  at  Zimapan 
in  Mexico,  was  examined  in  the  year  1801  by  del  Rio. 

1083*  Vanadium  was  obtained  by  a  complicated  process!  from  the 
slag,  but  may  be  more  easily  procured  from  native  vanadiate  of  lead. 

The  ore  u  diMolved  in  nitric  actd,  the  lead  and  arsenic  an  precipitated  bj  hy- 
drosulphuric  acid,  a  blue  solution  is  formed  and  evaporated  to  dryness.  The  re- 
sidue IS  dissoWed  b^  ammonia,  and  the  vanadiate  of  ammonia  piecipitated  by  a 
piece  uf  sal  ammoniac.  The  vanadic  acid  is  thus  separated  from  arsenic,  phos- 
phoric, and  hydrochloric  acids  with  which  it  is  generally  associated. 

Appear.  1084.  Vanadium  was  separated  in  a  pulverulent  state,  by  means  of 

ance,  &c.     potassium,  having  but  little  tenacity  or  appearance  of  a  metal.     But 


Discovery. 


Process. 


*  Sesquiehloride  qf  Ckrtmium,  aCrfSCl,  or  Cr'K:i«,  56  2  eq.  chrom.  +  106.26  3 
eq.  chlor.  s  162.26  equiv.  It  is  prepared  by  transmitting  dry  chlorine  gas  over  a  mix- 
ture of  fiztde  ofchromium  and  charcoal  heated  to  redness  in  a  tube  of  porcelain ;  when 
the  sesqutchloride  gradnally  oollecu  as  a  crystalline  sublimate  of  a  peach-purple  co* 
lour,  which  in  thin  layers  is  transparent,  but  in  thicker  masses  is  o)nque.  Toe  ses- 
quicbloride  of  chrominm  dissolves  slowly  forming  a  deep  green  solution. 

t  For  the  dstails  see  Taroer*s  fiZsmenis,  U4. 
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Under  strong  pressure  it  assamed  a  lastre  like  that  of  graphite.    By   fl<ct.vi. 
a  process  of  Rose's  it  had  more  of  a  metallic  appearance,  a  white 
colour,  and  strong  lustre. 

1UB5.  It  is  so  extremely  brittle  that  it  cannot  be  removed  with- 
out falling  into  powder.  It  is  not  oxidized  either  by  air  or  water ;  Jj^P**"*** 
although  by  continued  exposure  to  the  air  its  lustre  gradually  grows 
weaker,  and  it  acquires  a  reddish  tint.  It  is  not  dissolved  by  boiling 
sulphuric,  hydrctchloric,  or  hydrofluoric  acid ;  but  by  nitric  and  nitro- 
hydrochloric  acid  it  is  attacked,  and  the  solution  has  a  beautiful  dark 
blue  colour.  It  is  not  oxidized  by  being  boiled  with  caustic  potassa, 
nor  by  carbonated  alkalies  at  a  red  heat. 

1086.  Protoxide  of  Vanadium,  V+O,  V,  or  VO,  68.5  1  eq.  Pm^iids. 
vanad.  -|-  8  1  eq.  oxy.  s=  76.5  equiv.  This  compound  is  readily 
formed  from  vanadic  acid  by  the  combined  agency  of  heat  and  char- 
coal or  hydrogen  gas.  When  rendered  coherent  by  compression  it 
possesses  a  property  very  unusual  in  oxides,  that  of  conducting 
electricity,  and  in  relation  to  zinc  of  being  as  strongly  electro-nega- 

tive  as  silver  or  copper. 

1087.  Binozide  of  Vanadium.    V-f20,  V,  or  VO*,  6a6  1  eq.  Bimndd». 
▼anad.  -|^  16  2  eq.  oxy.  =  84.5  equiv.    This  oxide  is  best  prepared, 

in  the  dry  way,  by  heating  to  full  redness  an  intimate  mixture  of  10 
parts  of  the  protoxide  with  12  of  vanadic  acid  in  a  vessel  filled  with 
carbonic  acid,  or  from  which  combustible  matter  on  the  one  hand, 
and  oxygen  gas  on  the  other,  are  carefully  excluded. 

The  salts  of  the  binoxide  of  vanadium  are  distinguished  by  iheir 
blue  colour,  and  by  forming  with  solution  of  gall-nuts  a  black  com- 
pound,  a  tannate  of  the  binoxide,  very  similar  to  ink. 

The  binoxide  is  disposed  to  act  the  part  of  an  acid  by  uniting  with 
alkaline  bases,  with  which  it  forms  definite  and  in  some  cases  crys- 
talline compounds. 

1088.  Vanadic  Acid,  V+30,  V,  or  V0»,  68.5  1  eq.  vanad.  +  24  v^Mdfc 
3  eq.  oxy.  =  92.5  equrv.,  is  tasteless,  insoluble  in  alcohol,  and  very  *cid, 
slightly  soluble  in  water,  which  takes  up  rather  less  than  tt^v  ^^  i^ 

of  its  weight,  acquiring  a  yellow  colour  and  an  acid  reaction.  Heat- 
ed with  combustible  matter  it  is  deoxidized,  being  converted  into  the 
protoxide  or  binoxide,  or  mixtures  of  these  oxides.  In  solutions  it  is 
deprived  of  oxygen  by  all  deoxidizing  agents. 

1089.  Vanadic  acid  unites  with  salifiable  bases  often  in  two  or  gyt,  of, 
more  proportions,  forming  soluble  salts  with  the  alkalies,  and  in  ge- 
neral sparingly  soluble  salts  with  the  other  metallic  oxides.    Those 

with  excess  of  acid  are  commonly  of  a  red  or  orange-red  colour. 
Most  of  the  neutral  salts  are  yellow. 

Vanadic  acid  is  distinguished  from  all  other  acids  except  the  chrcH 
inic  by  its  colour,  and  from  this  acid  by  the  action  of  deoxidizing 
substances,  which  give  a  blue  solution  with  the  former  and  a  green 
with  the  tatter. 

1090.  SjdpkurtU.    When  the  bmoxide  nif  vanadium  is  heated  to  Salphimti. 
redness  in  a  current  of  hydrosnlpharic  add  gas,  it  is  converted  into 
protoxide,  and  both  water  and  sulphur  are  obtained  :  on  continuing 

the  process  the  protoxide  is  decomposed^  hydrogen  gas  and  water 

36 
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cimp^  iv.  P*^  ^^^^*  ^^^  bmsipkurei  of  TaiiadiuiD  is  generated.    (Bisalphnret 

of  Vanadium.  V+2S,  or  VS*,  68.6  1  eq.  vanad.  +  32.2  2  eq.  sulph. 

=  100.7  equiv.) 

1001.  When  a  solution  of  vanadic  acid  in  hydrosulphate  of  ammo- 
nia is  acidulated  by  hydrochloric  or  sulphuric  acid,  the  faydrated  ter" 
Tmulphii'  sulphwet  of  vanadium  subsides.  Its  colour  is  of  a  much  lighter  brown 
"*  than  the  bisuiphuret,  becomes  almost  black  in  dryings  and  is  resolved 

by  a  red  heat  in  close  vessels  into  the  bisulphuret,  with  loss  of  water 
and  sulphur.* 

Molybdenum, 


On. 


Molybde- 

namaod 

oxygen. 

Protoxide. 


Hydnte. 


AnhydioiiS' 


Molybdk 
Mid. 


5^1116.  Mo       Eqtd9.  47.7 

1092.  The  sulphuret  is  the  most  common  natural  compound  of 

this  metal. 

When  this  ore,  in  fine  powder,  is  digested  in  nitro-hydroehloric  arid  nntil 
completely  docomposed,  and  the  residae  is  briskly  heated,  in  order  to  expel  sul- 
phuric acid,  Diolybdic  acid  remains  in  the  form  of  a  white  heavy  powder.  From 
this  arid  metallic  molybdenum  may  be  obtained  b^  exposing  it  with  charcoal  to  the 
strongest  heat  of  a  smith's  forge ;  or  by  conducting  over  it  a  current  of  hydrogen 
gas  while  strongly  heated  in  a  tube  ofporcelain.t 

1003.  Molybdenum  is  a  brittle  metal,  very  infusible,  and  of  a 
white  colour.     It  has  been  procured  but  in  small  quantities,  and  its 

groperties  are  known  imperfectly.     Its  sp.  gr.  is  8.615.     Whea 
eated  in  open  vessels  it  absorbs  oxygen,  and  is  converted  into  mo- 
lybdic  acid, 

1094.  Protoxide  of  Motybdenum.  Mo-f^«  ^^  or  MoO,  47.71  eq. 
molyb.  -|-  8  1  eq.  oxy.  =  55.7  equiv.  This  oxide  is  obuiined, 
according  to  Berzelius,  by  precipitating  the  hydrochloric  solution  of 
molybdic  acid  by  zinc.  It  is  in  the  form  of  a  brown  hydrate  and 
gives  dark  coloured  solutions  with  the  acids. 

1095.  Binoxide  of  Molybdenum,  Mo-t-20,  Mo,  or  MoO',  47.7 
molyb.  -j-  16  oxy.  =  63.7  equiv.,  is  obtained  as  a  deep  brown  an- 
hydrous powder  by  mixing  molybdate  of  soda  with  half  its  weight  of 
sal  ammooiac  in  6ne  powder,  projecting  the  mixture  into  a  red-hot 
crucible  which  is  to  be  instantly  covered,  and  the  heat  continued 
until  vapours  of  sal  ammoniac  cease  to  appear. 

1096.  The  hydrate,  of  a  rust-brown  colour,  may  be  formed  by 
digesting  molybdenum  in  powder  with  molybdic  acid  dissolved  in 
hydrochloric  acid,  until  the  liquid  acquires  a  deep  red  colour,  and 
then  adding  ammonia;  or  by  adding  ammonia  to  a  solution  of  the 
bichloride. 

1097.  The  anhydrous  binoxide  is  insoluble  in  acids  and  is  changed 
into  molybdic  acid  by  strong  nitric  acid.  The  hydrate  is  very  like 
hydrated  peroxide  of  iron,  is  dissolved  by  acids  with  which  it  forms 
red  salts,  is  insoluble  in  the  alkalies,  but  dissolves  in  alkaline  carbo- 
nates.    It  is  soluble,  though  sparingly,  in  pure  water. 

1098.  Molybdic  Acid.  Mo+30,  or  MoO',  47.7  1  eo.  molyb.  + 
24  3  eq.  oxy.  =  71.7  equiv.  When  sulphuret  of  molybdenum  is 
roasted  in  an  open  crucible  kept  at  a  low  red  heat,  and  stirred  until 
sulphurous  acid  ceases  to  escape,  a  dirty  yellow  powder  is  left, 
which  contains  impure  molybdic  acid.     The  acid  is  taken  up  by  am- 
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moofk  aod  the  filtered  eolation  evaporated  to  dryness ;  it  is  agaia  8>c^^^ 
taken  up  by  water,  a  little  ammonia  being  added,  aud  filtered ;  and 
it  id  then  purified  by  crystallization.  On  heating  gently  in  an  open 
platinum  crucible,  taking  care  to  prevent  fusion,  the  ammonia  is  ex- 
pelled, aud  the  pure  acid  remains.  It  is  also  obtained  by  oxidizing 
the  binoxide  witn  nitric  acid. 

Molybdic  acid  is  a  white  powder,  of  sp.  gr.  3.49,  fusible  by  a  red 
heat  into  a  yellow  liquid.  It  requires  570  times  its  weight  of  water 
for  solution.  It  is  soluble  in  the  alkalies,  forming  colourless  molyb- 
dates,  from  which  molybdic  acid  is  precipitated  by  the  stronger  acids. 

1099.  Stdphurets,    Molybdenum  combines  with  sulphur  in  three  ffaipfmrttT 
proportions.    The  lowest  grade  is  the  bindphuret,  which  is  the  most 
common  ore  of  molybdenum,  and  is  usually  associated  with  ores  of 

tin,  has  a  lead-gray  colour  and  metallic  lustre  resembling  graphite, 
for  which  it  was  formerly  mistaken.  Its  density  varies  from  4.138 
to  4.569.  It  bears  a  strong  heat  in  close  vessels  without  change, 
but  is  oxidized  by  nitric  acid. 

Tungsten. 

1100.  Tungsten,  or  Tungatenum,  signifies  a  Aeoey  BUme,  and  is 

a  name  given  by  the  Swedes  to  a  mineral,  which  Scheele  found  to  Traigstwi. 
contain  a  peculiar  metal,  as  he  supposed  in  the  state  of  an  acid, 
united  with  lime.    The  same  metallic  substance  was  afterwards 
found  united  with  iron  and  manganese  in  wolfram. 

1101.  The  metal  is  obtained  by  exposing  a  mixture  of  tungstic 
acid  and  charcoal  to  a  strong  heat.  It  is  difiicult  of  fusion,  very 
hard,  brittle,  and  of  an  iron  colour.  Its  sp.  gr.  is  17.5.  fiy  the  no 
tion  of  heat  and  air,  tungsten  is  converted  into  tungstic  acid. 

1102.  Wolfram  is  found  in  primitive  countries  generally  accom-  ^foif^^tt. 
panying  tin  ores ;  its  colour  is  brownish  black ;  it  occurs  massive 

and  crystallized.* 

1103.  Binoxide  of  Tungsten,  W-f20,  W,  or  WO',  94.8  1  eq.  Binoxide. 
tungst.  -f-  16  2  eq.  oxy.  =  110.8  equiv.,  is  formed  by  the  action  of 
hydrogen  gas  on  tungstic  acid  at  a  low  red  heat ;  but  the  best  mode  of 
procuring  it  both  pure  and  in  quantity,  is  that  recommended  by 
Wohler. 

Binoxide  of  tungsten,  when  prepared  by  means  of  hydrogen  gas,  pf^_,^j^ 
has  a  brown  colour,  and  when  polished  acquires  the  edour  of  copper ;      P*'"^* 
but  when  procured  by  Wohler's  process,  it  is  nearly  bhidk.    It  does 
not  unite,  so  fiir  as  is  known,  with  acids ;  and  when  heated  to  near 
redness,  it  takes  fire  and  yields  tungstic  add. 

1104.  Tungstic  Acid.    W+30,  W,  W0»,  94.8  1  eq.  tungst.  + 

24  3  eq.  oxy.  =  118.8  equiv.     A  convenient  method  of  preparing  J^f"* 
tungstic  acid  is  by  digesting  native  tungstate  of  lime,t  very  finely 
levigatedi  in  nitric  acid  ;  by  which  means  nitrate  of  lime  is  formed, 

*  For  Wohler*8  process  for  obtaiaing  the  binoxide  from  tins  ore,  see  Qiiar(.  Jour, 
qf  Sd,  XX.  177,  and  Turner,  p.  362. 

t  A  whitish  semi-transpaient  substance,  foood  in  England,  Saiony,  Bohemia,  and 
Sweian|«id  oeeoning  crjetalttied  aad  masaive.    la  ami  vmIAmb  is  th»oeialie-  T^^p'^  *' 

dfoo. 
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Chap.  IV.  and  tungstic  acid  separated  in  the  form  of  a  yellow  powder.  Tungf- 
Stic  acid  may  also  be  prepared  by  the  action  of  hydrochloric  acid  on 
wolfram.  It  is  also  obtained  by  heating  the  binoxide  to  redness  in 
open  vessels. 

Tungstic  acid  is  of  a  yellow  colour,  is  insoluble  in  water,  and  ba« 
no  action  on  litmus  paper.  With  alkaline  bases  it  forms  salts  called 
tungstates,  which  are  aecomposed  by  the  stronger  acids.  Heated  in 
open  vessels,  it  acquires  a  green  colour,  and  becomes  blue  when  ex- 
posed to  the  action  of  hydrogen  gas  at  a  temperature  of  600**  or 
600^  F. 

CUoridei.  1105.  Chlorides.  Tungsten  and  chlorine  unite  in  two  propor- 
tions. When  metallic  tungsten  is  heated  in  chlorine  gas,  it  takes 
fire  and  yields  the  hichhride  ;  (W+2C1,  or  WCI",  94.8  1  eq.  tungst. 
-f-  70.84  2  eq.  chlor.  =  165.64  equiv.)  Wohler  has  described  ano- 
ther chloride  formed  at  the  same  time  which  is  converted  by  water 
into  hydrochloric  and  tungstic  acids.  It  exists  in  beautiful  crystab 
of  a  fine  red  colour. 

Bimlpbu-       1106.  Bisulphuret  of  Tungsten,  W-f2S,  or  WS*,  94.8  1  eq. 

Kt.  tungst.  4"  ^'S  2  ^*  sulph.  =  127  equiv.,  is  obtained  by  {Missing 

hydrosulphuric  acid  gas,  or  the  vapour  of  sulphur,  over  tungstic  acid 
heated  to  whiteness  in  a  tube  of  porcelain. 

Coltanbium. 

l^y^ouf^,       1107.  This  metal  was  discovered  in  1801,  by  Hatchett,  in  a  black 

mineral  in  the  British  museum,  which  had  been  sent  by  Gov. 

Winthrop  to  Sir  Hans  Sloane,  from  the  vicinity  of  New-London  in 

Connecticut.* 

IVauliu        -^  metal  analogous  in  its  properties  to  columbium,  was  discovered 

tnd  yuro>    by  Ekeberg,  a  Swedish  chemist,  in  two  difierent  minerals,  called 

tuiaUM.     Tantalite  and  Yttro-tantalite.    To  this  metal  he  gave  the  name  of 

Tuitaliim.  fantahim.    The  identity  of  these  metals,  however,  was  established, 

in  1809,  by  Wollaston. 
Colambte        1108.  Columbic  acid  is  with  difficulty  reduced  to  the  metallic 
*^'  state  by  the  action  of  heat  and  charcoal ;  but  Berzelius  succeeded  in 

obtaining  this  metal  by  the  same  process  which  he  employed  in  the 
preparation  of  zirconium  and  silicon,  namely i  by  heating  potassium 
with  the  double  fluoride  of  potassium  and  columbium.  On  washing 
the  reduced  mass  with  hot  water,  columbium  is  left  in  the  form  of  a 
black  powder.  In  this  state  it  does  not  conduct  electricity ;  but  in  a 
denser  state  it  is  a  perfect  conductor.  By  pressure  it  acquires  me- 
tallic lustre,  and  has  an  iron-gray  colour. 

1 109.  It  is  not  fusible  at  the  temperature  at  which  glass  is  fused. 
When  heated  in  the  open  air,  it  takes  fire  yielding  columbic  acid. 
It  is  dissolved  with  heat  and  disengagement  of  hydrogen  gas  by  hy- 
drofluoric acid,  and  still  more  easily  by  a  mixture  of  nitric  and 
hydrofluoric  acids.  It  is  also  converted  into  columbic  acid  by  fusion 
with  hydrate  of  potassa,  the  hydrogen  gas  of  the  water  being 
evolved. 

*  Probflblv  Haddam,  wliere  it  was  ndiacoTerad  hy  Torrey  {Amer*  Jour,  iv.  6S).  A 
eiyatal  waigluBc  ftoriMD  poands  was  found  by  Johaaoa,  iMd,  zxz.  8S7. 
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1110.  Binoxide  of  Columhium,  Ta+20,  fa,  or  TaO*,  185  1  eq. 


Sact.  VI. 


columb.  -f-  16  2  eq.  oxy.  =  201  equiv.,  is  generated  by  placing  co-  Binoxid«. 
lumbic  acid  in  a  crucible  lined  with  charcoal,  luting  carefullv  to 
exclude  atmospheric  air,  and  exposing  it  for  an  hour  and  a  half  to 
intense  heat.  When  reduced  to  powder  its  colour  is  dark  brown. 
It  is  not  attacked  by  any  acid,  but  it  is  converted  into  columbic  acid 
either  by  fusion  with  hydrate  of  potassa,  or  deflagration  with  nitre. 

1111.  Columbic  Acid.    Ta+30,  fa,  or  TaO*,  185  1  eq.  columb.  Colunbw 
+  24  3  eq.  oxy.  =,  209  equiv.     Golumbium  exists  in  most  of  its  •«"*• 
ores  as  an  acid,  united  either  with  the  oxides  of  iron  and  manganese, 

as  in  tautalite,  or  with  the  earth  yttria,  ^s  in  the  vttro*tantalite.  This 
acid  is  obtained  by  fusing  its  ore  with  three  or  luur  times  its  weight 
of  carbonate  of  potassa,  when  a  soluble  columbate  of  that  alkali  re- 
sults, from  which  columbic  acid  is  precipitated  as  a  white  hydrate  by 
acids. 

1112.  Hydrated  columbic  acid  is  tasteless  and  insoluble  in  water ;  Propertiei. 
but  when  placed  on* moistened  litmus  paper,  it  communicates  a  red 

tinge.  It  is  dissolved  by  the  sulphuric,  hydrochloric,  and  some  ve- 
getable  acids ;  but  it  does  not  appear  to  form  definite  compounds 
with  them.  With  alkalies  it  unites  readily ;  when  the  hydrated  acid 
is  heated  to  redness,  water  is  expelled,  and  the  anhydrous  colum- 
bic acid  remains. 

Antinumy. 

Sifmb.  Sb       Eguiv.  64.6 

1113.  This  metal  is  found  juitive  in  Sweden,  in  France,  and  in  Q„g 
the  Hartz ;  but  its  principal  ore  is  the  ndphuret  which  is  found  mas- 
sive and  crystallized,  and  of  which  there  are  several  varieties.     The 
most  common  is  the  radiated^  which  is  of  a  gray  colour  and  brittle. 
This  ore  may  be  decomposed,  and  the  pure  metal  obtained  from  it, 

by  the  following  process  : 

Mix  three  parts  of  the  powdered  sulphuret  with  two  of  crude  tartar,  one  of  di-  Reduetioa 
tre,  and  throw  the  mixture  by  spoonfuls  into  a  red-hot  crucible;  then  heat  of. 
the  mass  to  redness,  and  a  button  will  be  found  at  the  bottom  of  the  crucible, 
which  is  the  metal  as  it  commonly  occurs  in  oommeroe. 

1114.  The  metal  thus  obtained  is  not  pure  enough  for  chemical 
use,  and  for  that  should  be  procured  by  heating  the  sesquioxide  with 
an  equal  weight  of  cream  of  tartar. 

1115.  Antimony  (sometimes  called  regultis  of  antimony)^  is  of  a  Propsrtie* 
silvery  white  colour,  brittle,  and  crystalline  in  its-ordinary  texture. 

It  fu^es  at  about  810**  and  is  volatile  at  n  high  heat.  Its  specific 
gravity  is  6.702.  Placed  upon  ignited  charcoal,  under  a  current  of 
oxygen  gas,  antimony  bums  with  great  brilliancy. 

The  vapour  of  water,  brought  into  contact  with  ignited  antimony,  Decompo- 
is  decomposed  with  so  much  rapidity  as  to  produce  a  series  of  deto-  ■«•  water, 
nations. 

1116.  Sesquioxide  of  Antimmy.    2Sb+30,  Sb,  or  Sb'O',  120.2  2  Sesquiox. 

eq.  ant.  -f-  24  3  eq.  oxy.  =  153.2  equiv.     When  sesquichloride  of   ** 
antimony,  made  by  boiling  the  native  sulphuret  in  hydrochloric  acid 
(755),  is  poured  into  water,  a  white  curdy  precipitate  subsides, 
formerly  called  powder  of  Algarothf  which  consists  of  sesquioxido 
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c»>p.  lY.  of  antimony  combined  with  andecofn{)osed  aesquicbloride.  On  de- 
compodiog  the  latter  by  digestion  with  carbonate  of  potassa  and  then 
washing  with  water*  the  sesquioxide  is  obtained  in  a  state  of  purity. 
It  may  also  be  procured  by  adding  carbonate  of  potassa  or  soda  to  a 
solution  of  tartar  emetic,  and  by  sublimation  during  the  combustion 
of  antimony.  When  slowly  sublimed  it  condenses  in  fine  needles  of 
silvery  whiteness.  It  occurs  as  a  mineral,  the  oxide  of  antimony 
of  mineralogists,  the  primary  form  of  which  is  a  right  rhombic  prisniy 
isoroorpbous  with  the  crystab  of  arsenious  acid  lately  observed  by 
Wbhler.*     (1049.) 

1117.  It  is  a  white  powder,  acquiring  a  yellow  tint  by  heat.  Sp. 
gr*  5.566.  It  is  volatile  and  may  be  sublimed  ;  heated  in  the  air  it 
absorbs  oxygen,  and  antiinonious  acid  is  generated. 

1118.  It  is  the  only  oxide  which  forms  regular  salts  with  adds, 
and  is  the  base  of  efnetic  tartar,  the  tartrate  of  antimony  and  potash. 

Most  of  its  salts  are  either  insoluble  in  water,  or,  like  chloride  of 
antimony,  are  decomposed  by  it,  owing  to  the  affinity  of  that  fluid, 
for  the  acid  being  greater  than  that  of  the  adid  for  sesquioxide  of 
antimony.  This  oxide  is  therefore  a  feeble  base,  and  indeed  pos* 
sesses  the  property  of  uniting  with  alkalies.  To  the  foregoing  re- 
mark, however,  tartrate  of  antimony  and  potassa,  is  an  exception, 
for  it  dissolves  readily  in  water  without  change.  By  excess  of  tar* 
taric  or  hydrochloric  acids,  the  insoluble  salts  of  antimony  may  be 
rendered  soluble  in  water. 

1119.  The  presence  of  antimony  in  solution  is  easily  detected  by 
hydrosulphuric  acid.  This  gas  occasions  an  orange-coloured  preci- 
pitate, hydrated  sesquisulphuret  of  antimony,  which  is  soluble  in 
pure  potassa,  and  is  dissolved  with  disengagement  of  hydrosulphuric 
acid  gas  by  hot  hydrochloric  acid,  forming  a  solution  from  which 
the  white  oxychloride  {powder  of  Algaroth)  is  precipitated  by 
water. 

In  trying  the  efiect  of  reagents  on  solutions  of  sesquioxide  of  an- 
timony, it  is  convenient  to  employ  tartar  emetic,  from  its  property  of 
dissolving  in  pure  water  without  decomposition.   T.  367. 

It  may  be  detected  when  present  even  in  small  quantity  by  de- 
composing antimoniuretted  hydrogen,  in  the  apparatus  (fig.  179,  p. 
274.  )t 

1120.  Antimonious  Acid,  2Sb-|-40,  Sb,  or  Sb'0\  129.2  2  eq.  antim. 

-+-  32  4  cq.  oxy.  =  161.2  equiv.  When  metallic  antimony  is  di- 
gested in  strong  nitric  acid,  the  metal  is  oxidized  at  the  expense  of 
the  acid,  and  hydrated  antimonic  acid  is  formed  ;  on  exposing  this 
substance  to  a  red  heat,  it  gives  out  water  and  oxygen  gas,  and  is 
converted  into  antimonious  acid.  It  is  also  generated  when  the 
oxide  is  exposed  to  heat  in  open  vessels. 
Properties.  1121.  This  acid  is  formed  in  the  process  of  preparing  the  Pultns 
Antimonialis  of  the  Pharmacopoeia.  Antimonious  acid  is  white 
while  cold,  but  yellow  when  heated,  is  very  infusible,  and  fixed  in 
the  fire,  two  characters  by  which  it  is  readily  distinguished  from  the 

*Ajin.  dt  Chim.  et  dt  Phyt.  li.  201. 

t  For  the  method  of  detecting  tntimooy  in  mixed  floide,  &«.,  eee  Tamer,  p.  367, 
and  ChristieoB  oa  Poisoiie,  3M. 
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sesqaioxide.    It  is  insolable  in  water,  and  likewise  in  acids  after  Stct.  vi. 
being  heated  to  redness.     It  combines  in  definite  proportions  with 
aHfalies,  and  its  salts  are  called  arUinumites.     Antimonious  acid  is 
precipitated  from  these  salts  by  acids  as  a  hydrate. 

1122.  Anttnumk  Acid,  2Sb-)-50,  Sb,  or  Sb^O^  129.2  2  eq.  antim.  Antimonk 

-f-  40  5  eq.  oxy.  =  169.2  eqaiv.,  sometimes  called  peroxide  of  an-  •^* 
timony,  is  obtained  as  a  white  hydrate,  by  digesting  the  metal  in 
stroiig  nitric  acid,  or  by  dissolving  it  in  nitro^^hydrochloric  acid,  con* 
centrating  by  heat  and  throwing  the  solution  into  water.  When  re* 
centiy  precipitated  it  reddens  litmus,  and  may  be  dissolved  in  water 
by  means  of  hydrochloric  or  tartaric  acid.  It  does  not  enter  into 
definite  combination  with  acids,  but  with  alkalies  forms  salts,  which 
are  called  antimotUales.  When  hydrated  antimonic  acid  is  exposed 
to  a  temperature  of  500°  or  600^  P.,  the  water  is  evolved,  and  the 
anhydrous  acid  of  a  yellow  colour  remains  ;  exposed  to  a  red  heat, 
it  parts  with  oxygen,  and  is  converted  into  antimonious  acid. 

1123.  Chlorides  of  Antinumy,  2Sb-f3Cl  or  SbH31*,  129.2  2  eq.  cblorldei. 
antim.  -f-  106.26  3  eq.  chlor.  =  235.46  equiv.     When  antimony  in 
powder  is  thrown  into  a  jar  of  chlorine  gas,  combustion  ensues,  and 

the  sesquichloride  of  antimonv  is  generated,  (616.)  The  same  com* 
pound  may  be  formed  by  aistilUng  a  mixture  of  antimony  with 
about  twice  and  a  half  its  weight  of  corrosive  sublimate,  when  the 
volatile  sesquichloride  of  antimony  passes  over  into  the  recipient, 
and  metallic  mercury  remains  in  the  retort.  At  common  tempera- 
tures it  is  a  soft  solid,  thence  called  butter  of  antimony,  which  is  li- 
quefied by  gentle  heat,  and  crystallizes  on  cooling,  ft  deliquesces 
on  exposure  to  the  air.^ 

1124.  Sesquisulpkuret  of  Antimony,  2Sb-f3S,  or  Sb'S»,  129.2  2  g^^oj^. 
eq.  antim.  -f-  48.8  3  eq.  sulph.  =  177.5  equiv.     This  is  by  far  the  phoret. 
most  abundant  ore  of  antimony,  and  is  hence  employed  in   making 

the  preparations  of  antimony.  Though  generally  compact  or  earthy, 
it  sometimes  occurs  in  acicular  crystals  and  in  rhombic  prisms.  Its 
sp.  gr.  is  4.62,  colour  red-gray,  and  its  lustre  metallic.  When  heat- 
ed in  close  vessels,  it  enters  into  fusion  without  any  other  change. 

1125.  It  may  be  formed  artificially  by  fusing  together  &')*>™o'*y  ^f^ej^ 
and  sulphur,  or  by  transmitting  a  current  of  hydrosulphuric  acid 

gas  through  a  solution  of  tartar  emetid :  in  this  case  it  falls  as  a  hy- 
drate of  an  orange-red  colour,  and  does  not  acquire  its  dark  colour 
till  its  water  is  expelled  by  heat.t 

1126.  Oxysulphuret  of  Antimony,  2Sb«S3 +Sb»0» .  355  2  eq.  q      ,. 
sesquisulph.  -{-  153.2  1  eq.  sesquiox.  =  506.2  equiv.,  occurs  in  the  phuiet. 
mineral  kingdom,  as  the  red  antimoTiy  of  mineralogists.     The  phar- 
maceutic preparations,  known  as  gUiu,  liver  and  crocus  of  antimony, 

*  Biehiorideqf  Antimony,  SSb-HCl,  or  Sb^CH,  129.2  2  eq.  Bntim.  -f  141.68  4  eq. 
chlor.  =  270.88  equiT. 

Perehloride  qf  AjiHmony,QSb+BC\,  or  SbK^i^,  12942  2  eq.  antim.  +  177.1  6  eq. 
chlor.  =£  306.3  equiv. 

t  Oxyddaride  of  Antinumy,  2SbK;i3+9Sb^3,  470.92  2  eq.  teeqnichlor.  +  1378.8 
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c^^^r  are  of  a  similar  nature,  which  are  made  by  roasting  the  natire 
sulphuret,  so  as  to  form  sulphurous  acid  and  sesquioxide  of  autimo- 
ny,  and  thea  vitrefying  the  oxide  together  with  undecomposed  ore, 
by  means  of  a  strong  heat*  The  product  will  of  course  difier  ac« 
cording  as  more  or  less  of  the  sulphuret  escapes  oxidation  during' 
the  process. 
Kennet  1127.  When  sesqnisulphuret  of  antimony  is  boiled  in  a  solution 

mineral,  ^f  potassa  or  soda,  a  liquid  is  obtained,  from  which  on  cooling  an 
orange*red  matter  called  kermei  mineral  is  deposited ;  and  on  neu- 
tralizing the  cold  solution  with  an  acid,  an  additional  quantity  of  a 
similar  substance,  the  golden  sulphuret'^  of  the  Pharmacopoeia,  sub- 
sides. These  compounds  may  also  be  obtained  by  igniting  sesqui- 
sulphuret  of  antimony  ^nth  an  alkali  or  alkaline  carbonate,  and 
treating  the  product  with  hot  water ;  or  by  boiling  the  mineral  in  a 
solution  of  carbonate  of  soda  or  potassa.t 

1128.  Antimony  forms  brittle  alloys  with  the  malleable  metals, 
AUojt.  Gold  alloyed  with  y^^  its  weight  of  antimony,  is  perfectly  brittle ; 
and  even  the  fumes  of  antimony  in  the  vicinity  of  melted  gold  are 
sufficient  to  destroy  its  ductility.  With  potassium  and  sodium  it 
forms  white  brittle  compounds,  destructible  by  the  action  of  air  and 
water. 
-^  An  alloy  with  lead  in  the  proportion  of  3  lead  to  1  antimony,  and 

t3^°^  ^  small  addition  of  copper,  is  used  for  printers'  types*  With 
lead  only,  a  white  and  rather  brittle  compound  is  formed,  used  for 
the  plates  upon  which  music  is  engraved.  With  iron  it  forms  a 
hard  whitish  alloyi  formerly  called  martial  reguliu^  which  may  be 
obtained  by  fusing  two  parts  of  sulphuret  of  antimony  with  one  of 
iron  filings ;  a  scoria  consisting  chiefly  of  sulphuret  of  iron  is  formed ; 
and  the  fused  alloy  beneath  usually  presents  a  stellated  appearance 
in  consequence  of  its  crystallization.  This  star  was  much  admired 
by  the  alchymists,  who  considered  it  a  mysterious  guide  to  transmu- 
tation. With  tin,  antimony  constitutes  a  kind  of  pewter ^  a  term, 
however,  which  has  also  been  applied  to  some  other  alloys,  espe- 
cially that  of  lead  and  tin.  The  finest  pewter  consists  of  about  12 
parts  of  tin  and  1  of  antimony,  with  a  small  addition  of  copper.  A 
good  white  metal,  used  for  teapots,  is  composed  of  100  tin,  8  anti- 
mony, 2  bismuth,  and  2  copper. 

*  ADtimonii  satpharetam  preeipitstom,  U.  S.  P. 

t  Qreat  difference  of  opinion  has  long  existed  as  to  the  natnra  of  kennes.  See 
Turner,  3fi9. 

The  finest  Jcermes  is  obtained,  according  to  Clozel,  from  a  roiztnre  of  4  parts  of 
sulphuret  of  antimony,  90  of  cnrstallized  carbonate  of  soda,  and  1000  of  water. 
»  These  materials  are  boiled  for  half  or  three-qnaiters  of  an  hour;  the  hot  solution  is 

filtered  into  a  warm  Teasel,  in  order  that  it  may  oool  slowly;  and  after  34  hours,  the 
depoftite  is  collected  on  a  filter,  moderately  washed  with  cold  water,  and  dried  at  a 
temperature  of  70°  or  80**  F. 

Biaulphvret  o/ii7Uimony,2Sb+4S,  or  Sbs84, 129.2  8  eq.  antim.  +64.4  4  eq.  snlph. 
=  193.6  equif. 

PemUpiuret  qf  Antimony,  2StrHStOt  Sb>S5, 129.2  2  eq.  antim.+  80.6  5  eq.  snlph. 
=  209.7  cquiT. 


Urardwrn.  J;±vu 

StfTiib.  U    Eq.  217 

1129.  This  metal  was  discorered  by  Klaproth  in  1789,*  in  a  min-  Umnium. 
eral  called  pitch-blende,  which  consists  of  protoxide  <^  uraniuoi  mod 

oxide  of  iron. 

The  metal  is  procured  by  heatin  j  the  ore  to  redness,  digesting  its  ?««••* 
powder  in  pure  nitric  acid  diluted  with  3  or  4  parts  of  water ;  lead 
and  copper  are  separated  by  hydrosalphuric  acid  gns^  the  solation 
is  concentrated  and  set  aside  when  nitrate  of  sesquioxide  of  uranium 
etystallizes  in  prisms  of  a  lemon  yellow  colour. 

1130.  The  properties  of  uranium  are  not  well  known;  its  sp.  gr.  Propcrtwt. 
is  9.t 

1131.  Protoxide  of  Uranium,  U+0,  tl,  or  Uo,  217  1  eq.  uran.  Protonde. 
+  8  1  eq.  oxy.  =s  Sffi5  equiT.i  is  of  a  dark  green  colour,  and  is  ob- 
tained by  decomposing  the  nitrate  of  the  sesquioxide  by  heat.    It  is 
exceedingly  infusible,  unites  with  acids,  forming  salts  of  a  green 
colour,  and  is  readily  oxidized  by  nitric  acid. 

The  protoxide  is  employed  in  the  arts  for  giving  a  black  colour  U**- 
to  porcelain. 

1132.  Sesquioxide  of  Uranium,  2U+30,  U,  or  U»0»,  434  2  eq.gjjqoiox- 
urau.  +  24  3  eq.  oxy.  =s  458  equiv.,  is  of  a  yellow  colour,  and 

most  of  its  salts  have  the  same.  It  combines  with  acids,  and  with 
alkaline  bases.  From  the  former  it  is  precipitated  as  a  yellow  hy- 
drate by  the  pure  alkalies. 

xJertum, 

£^m6.  Ce    Eq.46 

1133.  This  metal  was  obtained  by  Hisinger  and  Berzelius,  trotn^^^^i 
a  mineral  found  at  Bastnas  in  Sweden,  to  which  they  have  given  the  ^'^'' 
name  of  Cerite.t    It  is  also  contained  in  ASanite,  a  mineral  from 
Greenland,  first  distraguished  as  a  peculiar  species  by  Allan,  of 
Edinburgh*     It  contains,  according  to  Thomson's  analysis,  about  40 

per  cent,  of  oxide  of  cerium. 

This  oxide  is  extremely  difficult  of  reduction.  Children  succeeded 
in  fusing  it  by  the  aid  of  his  powerful  Voltaic  apparatus,  and  when 
intensely  heated  it  burned  with  a  vivid  flame,  and  was  partly  vol- 
atilized. 

1134.  The  attempts  of  Vauquelin  to  reduce  the  oxide  of  cerium  Y«"q»«- 
produced  only  a  small  metallic  globule,  not  larger  than  a  pin's  j^^^^^ 
head.    This  globule  was  not  acted  upon  by  any  of  the  simple  acids ; 

but  it  was  dissolved,  though  slowly,  by  nitro^faydrochloric  acid. 

1135.  Protoxide  of  Cerium,  Ce+0,  Ce,  or  CeO,  46  1  eq.  cerium,  Protoxide. 

+  81  eq.  oxy.  =  54  equiv.  This  oxide  is  a  white  powder^  inso- 
luble in  water,  forming  salts  with  acids,  all  of  which,  if  solublei 

*  Named  aAer  the  new  planet,  discoTered  in  that  year  and  called  Unnaa. 

t  Bucbholz,  in  Mem.  Acad.  Sd.  of  Stockholm,  16S2. 

t  The  name  Cerium  was  given  to  this  metal  from  the  planet  Ceres,  diaoorered 
•boot  the  same  period.    See  Niebolaon'a  Jour.  zii.  106. 
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ebMp.iY.'  have  an  acid  reaction.  Heated  in  open  vessels,  it  absorbs  oxygeoy 
and  is  converted  into  the  sesquioxide.  It  is  precipitated  as  a  wbita 
hydrate  by  pure  alkalies ;  as  a  white  carbonate  by  alkaline  carbo- 
nates, but  is  redissolved  by  the  precipitant  in  excess ;  and  as  a  while 

oxalate  by  oxalate  of  ammonia. 

•«• 
Seaqaiin-        1136.  Sesquioxide  of  Cerium^  2Ce4^0,  Ce.  or  Ce^O',  92  2  eq. 

**"•  cerium,  +  24  3  eq.  oxy.  =  116  equiv.,  has  a  fawn  red  colour ;  it  is 

dissolved  by  several  of  the  acids,  but  is  a  weaker  base  than  the  pro- 
toxide. Digested  in  hydrochloric  acid,  chlorine  is  disengaged  and 
a  protochloride  results.  It  is  most  readily  extracted  from  cerite  by 
a  process  of  Laugier.^ 

Bismuth. 

Symb,  Bi    Eq,  71 

NatiT*.  1137.  This  metal  is  found  native;  combined  with  oxygen;  and 

with  arsenic  and  sulphur.  Native  Bismuth  occurs  crystallized  in 
octohedra  and  cubes,  and  in  addition  to  arsenic  generally  contains 
cobalt. 
Pj^^pfY\k§  1138.  Bismuth  has  a  reddish  white  colour,  and  is  composed  of 
broad  brilliant  plates  adhering  to  each  other.  Its  sp.  gr.  is  9.822, 
but  is  increased  by  hammering.  It  breaks,  however,  under  the 
hammer,  and  hence  cannot  be  considered  as  malleable ;  nor  can  it 
be  drawn  out  into  wire.  The  bismuth  of  commerce  is  not  quite 
pure. 

1139.  Bismuth  is  one  of  the  most  fusible  metals,  melting  at  476*^ 
F.,  and  it  forms  more  readily  than  most  other  metals,  distinct  crys- 
tals by  slow  cooling. 
Prootn  for      1^  ^^V  be  obtained  in  regular  crystals,  by  fusing  a  quantity  of  it 
dbtaining    in  a  crucible,  and  allowing  it  to  cool  till  a  crust  is  formed  on  the 
«nr»tai».     surface  ;  the  extremity  of  the  crucible  may  then  be  broken  off,  and 
the  fluid  metal  beneath  be  allowed  to  escape.    The  under  surface 
of  the  crust  will  be  found  beautifully  crystallized. 
Oxide.  1140.  When  bismuth  is  exposed  to  heat  and  air  it  oxidizes.    If 

the  heat  be  increased  by  directing  a  current  of  oxygen  upon  the 
metal,  it  burns  with  much  brilliancy,  and  produces  abundant  yellow 
fumes  of  protoxide.  It  is  readily  oxidized  and  dissolved  by  nitric 
acid. 

Pwtozid«.  ^^^^'  -P^^^^***  ^f  Bismuth^  Bi+0,  Bi,  or  BiO,  71  1  eq.  bism. 
-f-  8  1  eq.  oxy.  =  79  equiv.  This  compound  is  readily  prepared 
by  heating  to  redness  the  nitrate  or  subnitrate  of  protoxide  of  bis- 
muth. Its  colour  is  yellow ;  at  a  full  red  heat  it  is  fused  into  a 
brown  liquid,  which  on  cooling  becomes  a  yellow  transparent  glass 
of  sp.  gr.  8.211.  At  intense  temperatures  it  is  sublimed.  It  unites 
with  acids,  and  most  of  its  salts  are  white. 

■j^yjTttTy  1142.  When  nitrate  of  protoxide  of  bismuth,  either  in  solution 
or  in  crystals,  is  put  into  water,  a  copious  precipitate,  the  subnitrate, 
of  a  beautifully  white  colour,  subsides,  which  was  formerly  called 


*  For  which  Me  Taroer'i  Ckenu  368. 
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the  magigtery  ofhigmuth  and  pearl  white.    From  its  whiteness  it  is   Sect,  vf. 
eometimes  employed  as  a  paint  for  improving  the  complexion.* 

If  the  nitrate  with  which  it  is  made  contains  no  excess  of  acid,  White  ox- 
and  a  large  quantity  of  water  is  employed,  nearly  the  whole  of  the  «>«• 
bismuth  is  separated  as  a  subnitrate,  White  oxide  of  the  Pharmaco- 
}N9Ni.     By  this  character  bismuth  may  be  both  distinguished  and 
separated  from  other  metals. 

114a     Sesquiozide  of  Bismuth,  2Bi+30,  Bi,  or  Bi^OS  142  SSeiqoios. 

eq.  bism*  -|-  ^  ^  eq.  oxy.  »=  166  equiv.  This  oxide  is  generated 
when  hydrate  of  potassa  is  fused  at  a  moderate  heat  with  protoxide 
of  bismuth ;  but  the  best  mode  of  preparation  is  first  to  prepare  the 
lirotoxide  by  igniting  the  subnitrate,  and  then  gently  heating  it  for 
some  time  m  a  solution  of  chloride  of  potassa  or  soda.  Afler  wash» 
ing  with  water,  any  unchanged  protoxide  is  dissolved  by  a  solution 
made  with  1  part  of  nitric  acid  (quite  free  from  nitrous  acid)  and  9 
«f  water. 

1144.  As  thus  prepared, sesquioxide  of  bismuth  isa  heavy  powder  Pnopertiet. 
of  a  brown  colour,  with  Hide  disposition  to  unite  either  with  acids 

or  alkalies.  Heated  with  sulphuric  or  phosphoric  acid,  it  gives  off 
oxygen  gas,  and  with  hydrochloric  acid,  chlorine  is  evolved,  and  the 
protochloride  produced.! 

1145.  Chloride  of  Bismuth,  Bi+CI,  or  BiGl,  71  1  eq.  bism.+ Chloride. 
35.42  1  eq.  chlor.  =  106.42  equiv.     When  bismuth  in  fine  powder 

as  introduced  into  chlorine  gas,  it  takes  fire,  burns  with  a  pale  blue 
light,  and  is  converted  into  a  chloride,  formerly  termed  inUter  of  bis- 
muth. It  may  be  prepared  conveniently  by  heating  two  parts  of 
corrodve  sublimate  with  one  of  bismuth,  and  afterwards  expelling 
the  excess  of  the  former,  together  with  the  metallic  mercury  l^ 
heat. 

1146.  Chloride  of  bismuth  is  of  a  grayish-white  colour,  opaque, 
and  of  a  granular  texture.  It  fuses  at  a  temperature  a  little  above 
that  at  which  the  metal  itself  is  liquefied,  and  bears  a  red  heat  in 
dese  vessels  without  subliming. 

1147.  Bismuth  also  combines  with  bromine,  and  with  sulphur, 
the  solphuret  is  found  native* 

Titanium.t 

Symb.  Ti    £^.24.8 

1148.  Titanium,  in  the  metallic  state,  was  discovered  by  WoUas- pi^^^^^^^ 
ton  in  1822,  in  the  slag  at  the  bottom  of  an  iron  smelting-furnace  in 

South  Wales.^  It  has  been  since  found  in  several  other  places  in 
Europe.  It  has  the  form  of  small  smooth  cubes,  having  a  red  col- 
our exceedingly  similar  to  that  of  copper.  The  cubes  are  hard 
enough  to  scratch  rock  crystal,  and  cannot  be  fused  by  the  highest 
temperature  which  can  be  raised  by  the  ^low-pipe.     The  sp.  gr.  is 

*lt  n.  small  portion  ef  hydrochloric  add  be  mixed  with  the  Ditric,  and  the  ]|Teci- 
pitate  be  washed  with  bat  a  small  qoantity  of  coM  water,  it  will  appear  in  minute 
•eales,  eonstitutin^  the  pearl'pawder  of  periomers  ;  but  it  is  an  inconvenient  pigment, 
owing  to  the  facility  with  which  it  is  blackened  by  hydrosulphuric  acid. 

i  An.de  Ch»etde  Ph.  U.  867. 

t  Named  by  Klaproth  after  the  TUau  of  ancient  fable.       f  PhOot,  TVoiw.  ISS3. 


^  Meiak^TUanifm. 

[Chap.  iv>  5.3."*^  It  does  not  appear,  however,  to  be  absolutely  free  from  ifoo> 
Wollaston  found  that  when  suspended  by  a  fine  thread  a  xnagnei 
drew  it  about  20  degrees  from  the  perpendicalar.  He  succeeded  in 
detecting  the  presence  of  iron  in  it,  and  calculated  the  amount  of 
that  metal  at  ^^  part  of  the  weight  of  the  titaniura.t 

Prepared.  1 149.  MetdUc  Titanium  may  be  obtained  by  putting  fragments 
of  recently  made  chloride  of  titanium  and  ammonia  into  a  glass  tube 
half  an  inch  wide  and  two  or  three  feet  long,  transmitting  through 
it  a  current  of  perfectly  dry  ammonia,  and,  when  atmospheric  air 
is  entirely  displaced,  applying  heat  until  the  glass  softens.  Com- 
plete decomposition  ensues,  nitrogen  gas  is  disengaged,  hydrocfalo- 
rate  of  ammonia  sublimes,  and  metallic  titanium  is  left  in  the  state 
of  a  deep  blue-coloured  powder.  If  exposed  to  the  air  while  warm, 
is  apt  to  take  fire. 

Oxide.  ^^^-  Oxide  of  TUanium.  (probably)  Ti+0,  or  TiO,  243  1  eq. 

titan,  -f*  3  1  eq.  oxy.  =  32.3  equiv.,  is  prepared  by  exposing  titanic 
acid  to  a  strong  heat  in  a  bkck  lead  crucible  ;  the  exterior  of  the 
mass  obtained  consists  of  metallic  titanium,  the  interior  is  supposed 

Prepared,  xq  \^  ^hg  oxide.  It  may  be  formed  in  the  moist  way  by  acting  upon 
a  solution  of  titanic  acid  in  hydrochloric  acid  by  zinc  or  iron.  The 
titanic  acid  is  thrown  down  as  a  purple  powder,  but  cannot  be  col- 
lected. 

Titanic  1151.  Titanic  Acid,  or  Peroxide  of  Titanium,  Ti+20,  fi,  or  TiO', 

*^'  24.3  1  eq.  titan.  -|-  16  2  eq.  oxy.  =  40.3  equir.,  occurs  nearly  pure 

in  the  minerals  anatase  and  rutile;  it  exists  also  in  several  other 

minerals. 

p^g^^^  It  may  be  obtained  f}>om  rutile,  or  titaniferous  iron  exposed  in  a  ^rcelain 

tube  to  a  very  etrong  red  heat  and  a  current  of  b  vdrosniphuric  acid  gas,  which  gives 
riae  to  water  and  sulpburet  of  iron.  When  tne  water  ceasea  to  appear,  the  man 
is  removed  and  disested  in  hydrochloric  acid  to  remove  the  iron,  and  the  titanic 
acid  is  separated  from  adhering  suJphur  by  heaLt 

Properties.  1152.  Titanic  acid  is  quite  white,  exceedingly  infusible  and  difii- 
cult  of  reduction  ;  after  being  once  ignited  it  ceases  to  be  soluble  in 
acids,  except  in  the  hydrofluoric.  In  its  chemical  relations  it  is  ana- 
logous to  silicic  acid,  being  a  feeble  acid,  but  combining  with  metal- 
lic oxides.  In  the  state  of  hydrate,  it  has  a  singular  tendency  to 
pass  through  the  pores  of  a  filter  when  washed  with  pure  water ;  but 
the  presence  of  a  little  acid,  alkali,  or  a  salt,  prevents  this  inconve* 
nience. 
Solnbility,  1 153.  If  previously  ignited  with  carbonate  of  potassa,  titanic  acid 
fte.  '  is  soluble  in  dilute  hydrochloric  acid  ;  but  it  is  retained  in  solution 
by  so  feeble  an  attraction,  that  it  is  precipitated  merely  by  boiling.  It 
is  likewise  thrown  down  by  the  pure  and  carbonated  alkalies,  both 
fixed  and  volatile.  A  solution  of  gall-nuts  causes  an  orange-red  co- 
lour, which  is  very  characteristic  of  titanic  acid.  When  a  rod  of 
zinc  is  suspended  in  the  solution,  a  purple-coloured  powder,  probably 
the  oxide,  is  precipitated,  which  is  gradually  converted  into  titanic 
acid. 

*  From  the  extreme  infusibility  of  the  cubes  of  metallic  titauum,  Wdlaaton  infers 
that  they  have  not  been  formed  by  crystaUization  in  coding  firoo^a  Hate- of  fiwon  ; 
but  from  the  reduction  of  the  oxide  dissolfed  in  the  slag  araood  them. 

t  PfiU,  Tnmt.  p.  200.    Thomson's  ^\r9t  Princifu  S.  60. 

t  Rose,  An.  dtOi,  etde  Ph.  xxiii.  and  xxiviii.  131. 


TMmmk.  S08 


1164.  Bichloride  of  Titannm.    Ti+2CI,  or  TiCP,  24.3  1  eq.    Bbctvi. 
titan.  -|~  70.S4  2  eq.  chlor.  =  95.14  equiv.     This  substance  was  Bichloride, 
discovered  in  the  year  1824  by  transmitting  dry  chlorine  gas  over 
metallic  titanium  at  a  red  heat. 

1155.  At  common  temperatures  it  is  a  transparent  colourless  fluid  ProptiiMtt 
of  considerable  specific  gravity,  boils  violently  at  a  temperature  a 

little  above  212°,  and  condenses  again  without  change.  Dumas  has 
shown  that  the  density  of  its  vapour  may  be  estimated  at  6.615.  In 
open  vessels  it  is  attacked  by  the  moisture  of  the  atmosphere,  and 
emits  dense  white  fumes  of  a  pungent  odour  similar  to  that  of  chlo- 
rine, but  not  so  offensive.  On  adding  a  few  drops  of  water  to  a  few 
drops  of  the  liquid,  combination  ensues  with  almost  explosive  vio- 
lence, from  the  evolution  of  intense  heat ;  and  if  the  water  is  not  in 
excess  a  solid  hydrate  is  obtained.  On  exposure,  and  on  adding 
water,  the  greater  part  is  dissolved. 

Tdluriunu 

Symb,  Te       Sqidv.  64.2 

1156.  Tellurium  is  a  rare  metal,  found  in  the  gold  mines  of  TraD'*  Disootery. 
sylvania,and  in  Connecticut,  U.  S.,*  in  small  quantity.  Its  existence 

was  inferred  by  Miiller  in  the  year  1782|  and  fully  established  in 
1798  by  Elaproth,  who  gave  it  the  name  of  tellurium^  from  tellus^ 
ihe  earth,  suggested  by  the  source  from  which  he  drew  the  name  of 
uranium.!  It  occurs  in  the  metallic  state,  chiefly  in  combination 
with  gold  and  silver. 

1157.  Tellurium  is  of  a  bright  gray  colour,  brittle,  easily  fusible^  Propenief. 
and  very  volatile.    Its  specific  gravity  is  6.17. 

1158.  It  is  oxidized  when  heated  in  contact  with  the  air ;  and  Oxide, 
burns  with  a  sky-blue  flame,  edged  with  green.     Upon  charcoal, 
before  the  blow-pipe,  it  inflames  with  a  violence  resembling  detona- 
tion ;  exhibits  a  vivid  flame ;  and  entirely  flies  off  in  a  gray  smoke, 
having  a  peculiarly  nauseous  smell.t    This  smoke,  when  condensed, 

and  examined  in  quantity,  is  found  to  be  white  with  a  tint  of  yellow. 
It  is  fusible  by  a  strong  heat,  and  volatile  at  still  higher  temperature* 

1159.  TeUurous  Acid.    Te-f  20,  te,  or  TeO«,  64.2  1  eq.  tellur. 

4"  16  2  eq.  oxy.  =  80.2  equiv.  This  compound,  also  called  oxide  of  Tellnrooi 
tellurium,  is  generated  by  the  action  of  nitric  acid  on  tellurium,  by  *"^* 
which  acid  it  is  dissolved ;  but  the  solution  possesses  such  little  per- 
manence that  mere  aflusion  of  water  precipitates  part  of  it,  and  the 
rest  is  obtained  by  evaporating  to  dryness.  In  this  state,  it  is  a 
white  granular  anhydrous  powder,  which  slowly  reddens  moist  lit- 
mus paper. 

1160.  Its  aqueous  solution  reddens  litmus  paper ;  it  becomes  tar- 
bid  at  68°,  and  the  acid  which  falls  is  no  longer  soluble  in  acids.  Pmpertiet. 
In   these  properties  tellurous  acid  closely   resembles  the    titanic 

and  several  other  feeble  acids,  which  have  a  soluble  hydrated 
state  easily  convertible  into  an  insoluble  anhydrous  one.  Its 
salts  are  precipitated  black  by  hydrosulphuric  acid,  bisulphuret  of 
tellurium  being  formed.^ 

*  Amer,  Jour,  i.  406.  t  CentrHnUionBf  iii. 

t  Aeoribcd  by  fierzeliiu  to  the  pretence  of  eelentum. 

f  nydnUOuric  AatL    T#f  H,  or  TeH,  e4.2  1  eq.  tellnr.  +  I  t  eq.  byd.  ss  u.% 
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1161.  This  metal  was  known  in  the  early  ages  of  the  world,  and 
was  the  principal  ingredient  in  domestic  utensils,  and  in  the  instru- 
ments of  war,  pre7ious  to  the  discovery  of  malleable  iron.*  It  ia 
found  native,  and  in  various  states  of  combination.  Native  copper 
is  by  no  means  uncommon,  being  found  more  or  less  in  most  copper 
mines.  It  occurs  in  a  variety  of  forms ;  massive,  dendritic,  granu- 
lar, and  crystallized  in  cubes,  octohedra,  &c.  It  is  found  in  Corn- 
wall, Siberia,  and  other  parts  of  Europe.  Large  masses  have  been 
found  in  various  parts  of  America ;  one  of  which,  about  30  miles  from 
Lake  Superior,  described  by  Schoolcraft,  weighs  by  estimation  2000 
Ibs.t  The  copper  of  commerce  is  extracted  chiefly  from  the  native 
sulphuret ;  especially  from  copper  pyrites,  a  double  sulphuret  of  iron 
and  copper. 

1162.  The  metal  may  be  obtained  by  dissolving  the  copper  of 
commerce  in  hydrochloric  acid  ;  the  solution  is  diluted  and  a  plate  of 
iron  immersed,  upon  which  the  copper  is  precipitated.  It  may  be 
fused  into  a  button,  after  having  been  previously  washed  in  dilute 
sulphuric  acid  to  separate  a  little  iron  that  adheres  to  it. 

1163.  Copper  has  a  fine  red  colour,  and  much  brilliancy ;  it  is 
very  malleable  and  ductile,  and  has  a  peculiar  smell  when  warmed 
or  rubbed.  It  melts  at  a  cherry-red  or  dull  white  heat,  1996°  F. 
Its  sp.  gr.  varies,  being  increased  by  hammering ;  when  fused,  its 
density  is  8.S95.  Under  a  flame  urged  by  oxygen  gas,  it  takes  firci 
and  burns  with  a  beautiful  green  light. 

1164.  Copper  is  oxidized  by  air.  This  may  be  shown  by  heating 
one  end  of  a  polished  bar  of  copper,  which  will  exhibit  various  shades 
of  colour,  according  to  the  intensity  of  the  heat. 

It  burns  with  great  splendour  before  the  compound  blow-pipe, 
upon  charcoal. 

The  white-hot  globule  being  thrown  from  the  charcoal  into  a  tall 
jar  or  wide  tube  filled  with  water,  it  will  pass  in  full  ignition,  through 
a  column  of  the  fluid  two  feet  high,  and  will  remain  for  some 
time  ignited  on  the  bottom,  which  should  be  protected  by  a  layer  of 
sand4 

A  plate  of  copper,  exposed  for  some  time  to  heat,  becomes  covered 
with  protoxide,  which  breaks  off  in  scales  when  the  copper  is  ham- 
mered. 

1165.  From  the  experiments  of  Berzelius,  eight  parts  of  oxygen 
unite  with  31.6  parts  of  copper  to  constitute  the  black  oxide,  and 
therefore  if  this  oxide  be  formed  of  ,an  atom  of  oxygen  united  with 
an  atom  of  copper  the  eq.  of  this  metal  will  be  31.6.  This  is  adopted 

e^uiv.    Bv  acting  on  an  alloy  of  telluriam  with  zioc  or  tin.  hj  hydrochloric  acid,  Davy 
discoverea  this  gas  in  1809.    It  has  the  properties  of  a  feeole  aad. 

Telluric  Add,  Te+30,  Te,  or  TeOS,  64.2  1  cq.  tellur.  -f  24  3  eq.  oxy.  =  882  equiv. 
For  other  compounds  of  tellurium  see  Turner,  368.  See  also  Berzelius  on  TeUuriimif 
in  Ann.  de»  AimeSf  ▼.  381,  and  Amer,  Jour,  zxviii.  187. 

*  The  word  copper  is  derived  from  the  island  of  Cyprus,  wheM  it  wn  first  wtoaght 
by  the  Greeks. 

t  Stromeyer  has  lately  discovered  it  in  seven!  speoimens  of  meteoric  iron,  but  in  a 

quantity  not  exceeding  TjAsv  of  tlie  mast.    See  other  localities  in  CIeaveland*s  Mi- 
neralqgy,  p.  664,  and  J.  D.  l>ana*s  j^slem.  tl' 
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by  many  chemists,  others  regBrd  it  as  a  binoxide,  and  the  red  as  the    9tcu  vi. 
protoxide,  and  take  twice  31.6,  or  63.2,  as  (he  eq.  of  copper. 

1166.  lUd,  or  Dioxiie  of  Copper,  2Cu+0,  or  Cu^O,  63.2  2  eq.  Redoxid«. 
copper  4"  8  1  eq.  oxy.  =  71.2  equiv.,  occurs  native  in  the  form  of 
octohedral  crystals,  and  is  found  of  peculiar  beauty  in  the  mines  of 
Cornwall.     It  may  be  prepared  artificially  by  heating,  in  a  covered 
crucible,  a  mixture  of  31.6  parts  of  copper  filings  with  39.6  of  the 

black  oxide ;  or,  still  better,  by  arranging  thin  copper  plates  one 
above  the  other,  with  interposed  strata  of  the  black  oxide,  and  ex- 
posing them  to  a  red  heat  carefully  protected  from  the  air.  Another  Prooets. 
method  is  by  boiling  a  solution  of  acetate  of  protoxide  of  copper 
with  sugar,  when  the  dioxide  subsides  as  a  red  powder ;  and  another 
is  to  fuse  at  a  low  red  heat  the  dichloride  of  copper  with  about  a^ 
equal  weight  of  carbonate  or  bicarbonate  of  soda,  subsequently  dis« 
solving  the  sea*salt  by  water,  and  drying  the  red  powder.* 
In  this  case,  by  an  interchange  of  elements, 

1  eq.  dichloride  of  copper   2Ca4-CI  S  1  eq.  red  oxide      .    .    2Cu4-0    •pheory. 

and  1  eq.  soda  Na-f-O  ^^  and  1  eq.  chloride  of  sodium  Na-f-Cl 

1167.  The  red  or  dioxide  of  copper  has  a  density  of  6.093,  and  in  Properties, 
colour  is  very  similar  to  copper.     At  a  red  heat  it  absorbs  oxygen, 

and  is  converted  into  the  protoxide.     Dilute  acids  act  on  it  very 
slowly;  resolving  it  into  metal  and  a  protoxide. 

1168.  With  strong  nitric  acid  it  is  oxidized,  binoxide  of  nitrogen  Action  of 
escapes,  and  a  nitrate  of  the  black  oxide  is  formed.     Strong  hydro-  &cid>* 
chloric  acid  forms  with  it  a  colourless  solution.     The  red  oxide  of 
copper  is  soluble  in  ammonia,  and  the  solution  is  quite  colourless  ; 

but  it  becomes  blue  with  surprising  rapidity  by  free  exposure  to  air, 
owing  to  the  formation  of  the  black  oxide. 

Put  a  small  quantit]^  of  this  oxide  into  a  small  bottle,  nearly  full  of  water  of  „ 
ammonia,  and  shake  it  frequently,  the  solution  will  have  a  ricn  blue  colour.    If '^^' 
a  quantity  of  copper  filinss  be  added  and  the  bottle  well  closed  so  as  completely 
to  exclude  the  air,  the  solution  will  become  colourless  in  a  few  days.    If  the  cork 
be  withdrawn,  the  blue  colour  will  again  return  as  oxygen  is  absorbed. 

1169.  Black  or  Protoxide.     Cu+0,  Cu,  or  CuO,  31.6  1  eq.  cop,  Bi^ck. 
-{-  8  1  eq.  oxy.   ==  39.6  equiv.    This  oxide  of  copper  occurs  na- 
tive, by  the  spontaneous  oxidation  of  other  ores  of  copper ;  it  is  the 
copper  black  of  mineralogy. 

1170.  It  may  be  prepared  artificially  by  calcining  metallic  copper,  Artificial, 
by  precipitation  from  the  salts  of  copper  by  means  of  pure  potassa, 

and  by  heating  nitrate  of  copper  to  redness. 

1171.  It  varies  in  colour  from  a  dark  brown  to  a  bluish-black,  ac- properties, 
cording  to  the  mode  of  formation,  and  its  density  is  6.401.  It  under* 

goes  no  change  by  heat  alone,  but  is  readily  reduced  to  the  metallic 
state  by  heat  and  combustible  matter.  It  is  insoluble  in  water.  It 
combines  with  nearly  all  the  acids,  and  most  of  its  salts  have  a  green 
or  blue  tint.  With  ammonia,  it  forms  a  deep  blue  solution,  by 
which  it  is  distinguished  from  all  other  substances. 


*  The  following  process  is  recommeoded  by  Malaguti ;  100  paru  of  sulphate  of  cop-  m>1m»u*i 
per  and  67  of  carbonate  of  soda,  both  in  crystals,  are  fused  with  a  gentle  heat ;  and  the 
mass  leftjWhen  all  water  is  expelled,  is  pulverized  and  mixed  with  25  parts  of  copper 
filings.  The  mixture  is  pressed  into  a  crucible  and  exposed  for  twenty  minutes  to  a 
white  h#at.  The  result  is  agam  piil?erized  and  washed.  Ann,  de  Ckim.  d  de  Pfut$. 
liv.  816,  ^ 
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Oap.iy.       1172.  Its  salts  are  distinguished  from  most  sulwtances  by  their 

Salts  recog- colour,  and  are  easily  recognised  by  reagents.     Pure  ammouia 

niaed.        throws  down  the  dtsulphate  when  carefully  added ;  but  an  excess  of 

the  alkali  instantly  redissolves  the  precipitate,  and  forms  a  deep  Une 

solution.    Alkaline  carbonates  cause  a  bluish-green  precipitate.    It 

is  precipitated  as  a  dark  brown  sulphuret  by  hydrosulpburic  acid, 

and  as  a  reddish-brown  ferrocyannret  by  ferrocyanuret  of  potassium. 

A  tid  te.        I^'^3*  It  is  thrown  down  of  a  yellowish  white  colour  by  albumen, 

and  Orfila  has  proved  that  this  compound  is  inert,  so  that  albumen 

is  an  antidote  to  poisoning  by  copper.^ 

Metal  tepa-     l^*^^-  Copper  is  separated  in  the  metallic  state  by  a  rod  of  iron  or 

rated.        zinc.    The  copper  thus  obtained,  after  being  digested  in  a  dilute  so* 

^tion  of  hydrochloric  acid,  is  almost  chemically  pure. 
Detected.        ^  ^'^^*  '^^^  ^^  mode  of  detecting  copper,  when  supposed  to  be 
present  in  mixed  fluids,  is  by  hydrosulpburic  acid.     The  sulphuret, 
after  being  collected,  and  heatedf  to  redness  in  order  to  char  organic 
matter,  should  be  placed  on  a  piece  of  porcelain,  and  be  digested  in 
a  few  drops  of  nitric  acid.     Sulphate  of  protoxide  of  copper  is  formed, 
which,  when  evaporated  to  dryness,  strikes  the  characteristic  deep 
blue  tint  ou  the  addition  of  ammonia.t 
Dichloride.      1176.  Bichloride  of  Copper.    2Cu+Cl,  or  Cu«Cl,  63.2  2  eq. 
copper  -|-  35.42  I  eq.  chlor.  =  98^62  equiv.     When  copper  filings 
are  introduced  into  an  atmosphere  of  chlorine  gas,  the  metal  takes 
fire  spontaneously,  and  both  the  chlorides  are  generated.     The  di* 
chloride  may  be  conveniently  prepared  by  heating  copper  filings  with 
twice  their  weight  of  corrosive  sublimate.    It  is  slowly  deposited  in 
crystalline  grains,  when  the  green  solution  of  protochloride  of  copper 
is  kept  in  a  corked  bottle  in  contact  with  metallic  copper. 
P»>pertiet.       1 177.  The  dichloride  of  copper  is  fusible  at  a  heat  just  below  red- 
ness, and  bears  a  red  heat  in  close  vessels  without  subliming.     It  ia 
insoluble  in  water,  bat  dissolves  in  hydrochloric  acid.     Its  colour  va-* 
ries  with  the  mode  of  preparation,  being  white,  yellow,  or  dark 
brown.t 
Solpbureu.      J17a  Sulphurets  of  Copper.     The  dindphuret,  2Cu+S,  orCv^S, 
63.2  2  eq.  copper  +  16.  t   1  eq.  sulph.  =  79.3  equiv.,  is  a  natural 
production,  the  copper  glance  of  mineralogists,  and  in  combination 
with  protosulphuret  of  iron,  it  is  a  constituent  of  variegated  copper 
ore.^ 
Diralpha-       1179.  It  is  formed  by  heating  copper  filings  with  a  third  of  their 
retfofined.  weight  of  sulphur;  when  the  sulphur  is  raised  a  little  above  its  melt- 

*  Superoxide  <tf  Copper,  Cd+20,  Co,  or  CnO*,  31.6  I  eq.  cop.  -h  16  2  eq.  ozy.  =s 
47.6  eqolT. 

t  The  action  of  ammonia  may  be  taken  adfanta^  of  in  cleaning  (or  colooring,  as 
it  is  tenned  by  jewelleni}  gold  trinkets,  such  as  chains,  &c.  which  are  oden  made  of  a 
very  inferior  alloy.  Artists  make  use  of  weak  nitric  acid,  or  of  the  materials  from 
which  the  acid  is  produced,  and  which  often  destroys  the  finer  kinds  of  workmanship 
by  dissolving  the  copper  of  the  alloy  to  some  depth  on  the  sorface;  thAgpId  not  being 
acted  upon,  tne  trinket  appears  as  ir  newly  gilded.  Boiling  in  ammonia  is  a  safe  sub- 
stitute tor  this  process,  and  the  operation  may  be  performed  by  any  person  without 
the  assistance  of  the  artist.    brewaier*s  Jeur.  l  76  j  Am<.  Jour,  ii.  806. 

tPrctoehhride  of  Copper,  Cn-fCl,  31.6  1  eq.  copper  +  35.42  1  eq.  chlor.  =r 
67.08  eqniT. 

t  For  an  outline  of  the  process  of  reducing  the  ores  of  copper,  see  Brands,  ii.  67, 
and  ViTiaii,in  Ann.  PhUm.  N.  &  ▼.  113. 
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iug  point,  combustion  suddenly  pervades  the  whole  mass.     The  ex-   8"^<-^^ 
periment  succeeds  equally  well  in  v(kuo  or  in  azote,   u.  870.   Copper 
leaf  burns  in  gaseous  bulphur  as  brilliantly  as  iron  wire  in  oxygen 
gas.* 

1180.  Many  of  the  alloys  of  copper  are  important.     With  gold  it  j^uoyi. 
forms  a  fine  yellow  ductile  compound,  used  for  coin  and  ornamental 
work.     With  silver  it  forms  a  white  compound,  used  for  plate  and 
coin.t  Lead  and  copper  require  a  high  red  heat  for  union  ;  the  alloy 

is  gray  and  brittle. 

Of  the  alloys  of  copper  with  the  metals  already  described  the  most 
important  are  brass  and  bell-metal.  It  forms  white  compounds  with 
pousslum  and  sodium ;  a  reddish  alloy  with  manganese ;  and  a 
gray  one  with  iron. 

1181.  Brass  is  an  alloy  of  copper  and  zinc.  The  metals  are  usu-  Brass. 
ally  united  by  mixing  granulated  copper  with  calamine  (1004)  and 
charcoal :  the  mixture  is  exposed  to  heat  sufficient  to  reduce  the 
calamine  and  melt  the  alloy,  which  is  then  cast  into  plates.  The 
relative  proportions  of  the  two  metals  vary  in  the  diflferent  kinds  of 
brass ;  the  best  brass  consists  of  four  parts  copper  to  one  of  zinc. 
This  alloy  is  malleable  and  ductile  when  cold  ;  and  its  colour  and 
little  liability  to  rust,  recommend  it  in  preference  to  copper  for  many 
purposes  of  the  arts.t 

1182.  Tutenag  is  said  to  be  an  alloy  of  copper,  zinc,  and  a  little  Tattmg. 
iron  ;  and  Tombac,  Dutch  gold,  Simihr,  Prince  Ri^perfs  metal  and  piochbeck, 
Pinchbeck,  are  alioys,  containing  more  copper  than  exists  in  brass, 

and  consequently  made  by  fusing  various  proportions  of  copper  with 
brass.  According  to  Wiegleb,  Manheim  gold  consists  of  three  parts 
of  copper  and  one  of  zinc.  A  little  tin  is  sometimes  added,  which, 
though  it  may  improve  the  colour,  impairs  the  malleability  of  the 
alloy.^ 

1183.  BeU-'metal  and  bronze  are  alloys  of  copper  and  tin ;  they  Bell-metal 
are  harder  and  more  fusible,  but  less  malleable  than  copper.  The  ^  '^^''m- 
best  bell-metal  is  composed  of  three  parts  copper  and  one  of  tin ;  the 

Indian  gong,  celebrated  for  the  richness  of  its  tones,  contains  copper 
and  tin  in  this  proportion.  A  little  zinc  is  added  to  small  shrill  bells. 
Bronze  consists  of  from  8  to'  12  of  tin  with  100  of  copper. 

1184.  Dalton  finds  that  into  all  the  alloys  of  copper  which  are  Alloys 
characterized  by  useful  properties,  the  ingredienis  enter  in   atomic  defioit* 
proportions  ;  and  it  is  probable  that  by  attention  to  these  proportions,  <5<>"P<»^°** 
the  manufacture  of  the  artificial  alloys  may  be  greatly  improved. 

'  '      \  ■  .1 

^  Berzelius,  Ann  de  Chim,  See  also  Vauqaelin  on  Sulphureta  qf  Copper^  Ixzx.  2SS. 

t  See  CMd  and  ^ver, 

%  According  to  Sage,  a  very  beaatiful  brass  may  be  made  by  mixing  SO  grains  of  ox- 
ide of  copper,  100  of  calamine,  400  of  black  flux,  and  30  of  charcoal  powder;  melt 
tbese  in  a  crucible  lill  the  blue  flame  is  no  longer  seen  round  the  cover;  and,  when 
cold,  a  button  of  brass  is  found  at  the  bottom,  of  a  golden  oolouri  and  weighing  one 
sixth  more  than  the  pare  copper  obtained  from,  the  above  quantity  of  oxide. 

f  An  alloy,  which,  from  the  resemblance  it  has  in  colour  to  gold,  is  called  Motidt 
gotd^  has  been  lately  prepared  from  equal  parts  of  copper  and  zinc  melted  at  the  lowest 
temperatane  at  which  copper  will  fuse. 

Speadum  metal  is  an  alloy  of  copper  and  tin,  with  a  little  arsenic ;  about  6  copper, 
2  tin,  1  arsenic.  On  this  sabieei  the  reader  is  referred  to  Edwainda*s  experiments. 
NioboliOB'i  Jaur,  4to.  iit. 

V9  *  •        .  s 
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cb>p.  IV,  1185.  Vessels  of  copper  used  for  calioary  purposes  are  usually 
coated  with  tin,  to  prevent  the  food  being  contaminated  with  copper. 
Their  interior  surface  is  first  cleaned,  then  rubbed  over  with  sal* 
ammoniac  to  prevent  oxidation  ;  the  vessel  is  heated,  a  little  pitch 
or  rosin  spread  over  the  surface,  and  a  bit  of  tin  rubbed  over  it» 
which  instantly  unites  with  and.  covers  the  copper.*" 

Lead* 

Sjfmb.  Pb       Equiv.  108.6 

C'm*  1 186.  Lead  appears  to  have  been  known  in  the  earliest  ages  of  the 

world.  The  natural  compounds  of  this  metal  are  very  numerous. 
The  most  important  is  the  sulphuret,  or  galena,  from  which  the  pore 
metal  is  chiefly  procured.  Lead  is  also  found  combined  with  vari- 
ous acids,  with  oxygen,  chlorine,  &c. 

'''•**J^       1187.  To  obtain  lead  perfectly  pure,  Berzelius  dissolved  it  in  ni- 

^'"^  *  trie  acid,  and  crystallized  the  salt  several  times,  till  the  mother  liquor, 
on  adding  carbonate  of  ammonia,  gave  no  traces  of  copper.  The 
pure  nitrate  of  lead,  mixed  with  charcoal,  was  strongly  heated  in  a 
Hessian  crucible ;  and  the  lead,  which  separated,  was  kept  for  some 
time  in  fusion,  in  order  to  free  it  entirely  from  charcoal.  The  lead, 
thus  obtained,  when  re-dissolved  in  nitric  acid}  gave  no  trace  of  any 
other  metal. 

Piropwties.  1189.  Its  colour  is  bluish-white ;  it  is  sOA,  flexible,  malleable 
and  ductile.  It  melts  at  about  612°  and  by  slow  cooling  may  be  ob- 
tained in  octohedral  crystals.  Its  sp.  gr.  is  11.852.  At  high  tempe- 
ratures it  absorbs  oxygen,  and  when  in  fusion  a  gray  film  is  formed 
on  its  surface,  which  is  a  mixture  of  metallic  lead  and  protoxide ; 
by  increasing  the  heat  it  is  dissipated  in  fumes  of  the  protoxide. 

Action  of  1189.  Lead  undergoes  no  change  in  distilled  water  in  close  ves- 
'  sels,  but  in  open  vessels  is  oxidized  ;  the  oxide  combines  also  with 
carbonic  acid  present  in  the  air.  The  presence  of  saline  matter  in 
the  water  retards  the  oxidation,  and  some  salts,  even  in  minute  quan- 
tity, prevent  it  altogether.  Many  kinds  of  spring  water,  owing  to 
the  salts  which  they  contain,  do  not  corrode  lead.t 

Of  tcids.  1 1^*  Lead  is  not  attacked  by  hydrochloric,  or  the  vegetable  acids, 
though  their  presence  oflen  accelerates  the  absorption  of  oxygen. 
The  only  proper  solvent  for  lead  is  nitric  acid  ;  it  oxidizes  it  and 
forms  a  salt  of  the  protoxide. 

PJrotoad«.  1 191.  Protoxide  of  Lead.  Pb+0,  Fb,  or  PbO,  103.6  1  eq.  lead  + 
8  1  eq.  oxy.  =  111.6  equiv.,  is  prepared  on  a  large  scale  by  collect- 
ing the  gray  film  which  forms  on  the  surface  of  melted  lead,  and 
exposing  it  to  heat  and  air  until  it  acquires  a  uniform  yellow  colour. 
In  this  sttfte  it  is  the  masskot  of  commerce  ;  and  when  partially  fused 

*  The  oxidation  of  copper  pistes  it  a  matter  of  very  ^reat  importance  in  the  arts, 
and  in  the  case  of  great  and  expensive  works  where  few  impressions  of  an  engrtTing 
ars  taken  and  the  plates  laid  aside  for  a  considerable  length  of  time,  a  serious  injury 
to  the  plates  is  sustained  by  the  necessity  of  cleanmg  them  from  oxide,  when  they  are 
to  be  again  used.  This  may  be  preYented  by  Tarnishing  the  plates  with  common  lac 
varnish,  which  can  easily  be  removed,  when  requisite,  by  spirits  of  wine.  Brewster** 
Jour.  i.  76 ;  Bosl.  Jour.  iL  206. 

FV)r  method  of  snalysis  of  these  aliojrs,  see  Brande,  a.  74 ;  and  for  other  detaik 
Thomson's  SsfiUm—Inorganie  BodUt,  i.  601  $  Dumas'  Traiu  de  Chim*  iii.  505. 

tSttthissabjactdtteaaitdin  Christison't  TVmMss  sn  ^Bissiis. 


JUd  Oxide  of  Lead.  ^^ 

the  tenn  hiharge  is  applied  to  it.  As  thus  procured  it  is  aU  ^^'^  ▼>* 
ways  mixed  with  red  oxide.  It  may  be  obtained  pure  by  adding 
ammonia  to  a  cold  solution  of  nitrate  of  protoxide  of  lead  until  it  is 
faintly  alkaline,  washing  the  precipitated  subnitrate  with  cold  water, 
and,  when  dry,  heating  it  to  redness  for  an  hour  in  a  platinum  cru* 
cible.  An  open  6re  should  be  used,  and  great  care  taken  to  prevent 
combustible  matter  in  any  form  from  contact  with  the  oxide. 

1192.  Protoxide  of  lead  is  red  while  hot,  but  has  a  rich  lemon- ^'•P*'***** 
yellow  colour  when  cold,  is  insoluble  in  water,  fuses  at  a  bright  red 

heat,  and  is  fixed  and  unchangeable  in  the  fire.  Its  sp.  gr.  is 
9.4214.  The  fused  protoxide  has  a  highly  foliated  texture,  and  is 
▼ery  tough,  so  as  to  be  pulverized  with  difiiculty.  By  transmitted 
light  it  is  yellow ;  but  by  reflected  light  it  appears  green  in  some 
parts  and  yellow  in  others.  Heated  with  combustible  matters,  the 
protoxide  parts  with  oxygen  and  is  reduced.  It  unites  with  acids, 
and  is  the  base  of  all  the  salts  of  lead,  most  of  which  are  of  a  white 
colour. 

1193.  Protoxide  of  lead  is  precipitated  from  its  solutions  by  pure 
alkalies,  as  a  white  hydrate,  which  is  redissolved  by  potassa  in  ex* 

cess  ;  as  a  white  carbonate,  which  is  the  well  known  pigment  white  Whiulaad. 
had,  by  alkaline  carbonates ;  as  a  white  sulphate  by  soluble  sul- 
phates ;  as  a  dark  brown  sulphuret  by  hydrosulphuric  4cid  ;  and  as 
yellow  iodide  of  lead  by  hydriodic  acid  or  iodide  of  potassium.* 

The  best  method  of  detecting  the  presence  of  lead  in  wine  or  other  q,^^  ^|. 
suspected  mixed  fluids  is  by  means  of  hydrosulphuric  ^pid.t    (Fig.  Lead. 
166.) 

1194.  Protoxide  of  lead  unites  readily  with  earthy  substances, 
forming  with  them  a  transparent  colourless  glass,  and  is  much  em-^P'^'^fJJ 
ployed  for  glazing  earthenware  and  porcelain.     It  enters  in  large  Jldielu'^ 
quantity  into  the  composition  of  flint  glass,t  which  it  renders  more 
fusible,  transparent,  and  uniform. 

1195.  Lead  is  separated  from  its  salts  in  the  metallic  state  by  iroti  Separattd. 
or  zinc.     The  best  way  of  demonstrating  this  fact  is  by  dissolving  in 

a  tall  jar  or  bottle  1  part  of  acetate  of  protoxide  of  lead  in  24  of  water, 
and  suspendini?  a  piece  of  zinc  in  the  solution  by  means  of  a  thread. 
The  lead  is  deposited  upon  the  zinc  in  a  peculiar  arborescent  form, 
giving  rise  to  the  appearance  called  arhor  Satumi.^ 

1196.  Red  Oxide  of  Lead.    3Pb-|-40,  or  2PbO+PbO',  310.8  3  Red  oxide, 
eq.  lead  +  32  4  eo.  oxy.,  or  223.2  2  eq.  prolox.  +  119.6  1  eq.  perox. «  minioiii. 
=  342.8  equiv.     This  compound,  the  miniuTn  of  commerce,  is  em- 
ployed as  a  pigment,  and  in  the  manufacture  of  flint  glass. 

*  WiUi  regard  to  the  poitoootti  property-  of  the  ealts  of  lead,  the  carbonate  is  by  far 
the  most  Tiruleot  poison.    Any  salt  of  lead  which  is  easily  cooTertible  into  the  carbo-  r^iMKMt. 
Date,  as  for  instance  the  sahacelate,  is  also  poisonous.    Acetate  of  protoxide  of  lead, 
mixed  with  Tinegar  to  prefeot  the  fonnation  of  any  carbonate,  may  be  freely  and  safely 
administered  in  medical  practice.    (Dr  A.  V.  Thomson.) 

t  The  salphuret  of  lend,  after  bein^  collected  on  a  filter  and  washed,  is  to  be  digest- 
ed in  nitric  acid  diluted  with  twice  its  weight  of  water,  until  the  dark  colour  of  the 
aulphoret  disappears.  Tho  solution  of  the  nitrate  shoold  then  be  brought  to  perfect 
dryness  on  a  watch-glass,  in  order  to  expel  the  excess  of  nitric  arid,  and  the  residue 
be  redissolved  in  a  small  quantity  of  cola  water.  On  dropping;  a  particle  of  iodide  of 
potassium  into  a  portion  of  this  hquid,  yellow  iodide  of  lead  will  instantly  appear. 

X  Hence  flint  glass  retorts  are  less  suitable  for  some  chemical  processes  than  those  of 
green  glass  without  lead }  the  latter  are  also  lest  fusible.    W. 

%IHMmtU  ^f  L§ad.  8Pb40,  or  Ph90, 107.8  S  eq.  lead  <f  S  1  eq.  oiy.  ^  tif.t 
e^Y. 


900  MtUik—Lead. 

Ciap.  IV.      It  is  ibrm^dby  oxidising  Irad  by  bent  and  air  witboul  allowincit  to  fbae,  and 
•""■"^""^  tben  ezposinff  it  in  open  vessels  to  a  temperature  of  600°  or  705°,  while  a  cur- 
rent of  air  plays  upon  its  surface.    It  slowly  absorbs  oxygen  and  is  converted 
into  miniom. 

This  oxide  does  not  unite  with  acids.  When  heated  to  redness 
it  gives  off  pure  oxygen  gas,  and  is  reconverted  into  the  protoxide. 
When  digested  in  nitric  acid  it  is  resolved  into  protoxide  and  perox- 
ide of  lead,  the  former  of  which  unites  with  the  acid,  while  the  latter 
remains  as  an  insoluble  powder.  From  the  facility  with  which  this 
change  is  effected  even  by  acetic  acid,  most  chemists  consider  red  lead 
not  so  much  as  a  definite  compound  of  lead  and  oxygen,  but  as  a  salt 
composed  of  the  protoxide  and  peroxide.^ 

Peioxide.  1197.  Perozide  of  Lead.  Pb-f20.  Pb.  or  PbO'.  103.6  1  eq.  lead 
-|-  16  2  eq.  oxy.  =  119.6  equiv.  This  oxide  may  be  obtained  by 
the  action  of  nitric  acid  on  minium,  as  just  mentioned ;  by  fusing 
protoxide  of  lead  with  chlorate  of  potassa,  at  a  temperature  short  of 
redness,  and  removing  the  chloride  of  potassium  by  solution  in  water ; 
and  by  transmitting  a  current  of  chlorine  gas  through  a  solution  of 
acetate  of  the  protoxide  of  lead.  The  chloride  formed  is  removed 
by  washing  with  warm  water. 

Properties.  ]  igg.  Peroxide  of  lead  is  of  a  puce  colour,  is  insoluble  in  water* 
and  is  resolved  by  strong  ox-acids,  such  as  the  sulphuric  and  nitric, 
into  a  salt  of  the  protoxide  and  oxygen  gas.  With  hydrochloric  acid 
it  yields  chlorine  gas  and  chloride  of  lead.  At  a  red  heat  it  emits 
oxygen  gas  and  is  converted  into  the  protoxide. 

Chloride.  ri99.  Chloride  of  Lead,  Pb+Cl,  or  PbCl,  103.6  1  eq.  lead  + 
35.42  1  eq.  chlor.  =  139.02  equiv.  This  compound,  sometimes 
called  horn  lead,  is  slowly  formed  by  the  action  of  chlorine  gas  on 
thin  plates  of  lead,  and  may  be  obtamed  more  easily  by  adding  hy- 
drochloric acid  or  a  solution  of  sea-salt  to  acetate  or  nitrate  of  oxide 
of  lend  dissolved  in  water.  This  chloride  dissolves  to  a  considerable 
c^xtent  in  hot  water,  especially  when  acidulated  with  hydrochloric 
acid,  and  separates  on  cooling  in  small  acicular  anhydrous  crystals 
of  a  white  colour.  It  fuses  at  a  temperature  below  redness,  and 
forms  as  it  cools  a  semi-transparent  mass,  which  has  a  density  of 
6.133.t 

Alloya.  1200.  Alloys  of  Lead,    The  most  important  are  those  with  tin. 

Common  pewter  consists  of  about  80  parts  of  tin  and  20  of  lead. 

Soldess.  Fine  solder  consists  of  2  parts  of  tin  and  1  of  lead  ;  it  fuses  at  aboat 
360^,  and  is  much  employed  in  tinning  copper.  Coarse  scider  con- 
tains one  fourth  of  tin,  fuses  at  about  SK)^,  and  is  used  by  plumbers. 
Pot  metal  is  an  alloy  of  lead  and  copper. 

120 J.  If  lead  be  heated  so  as  to  boil  and  smoke,  it  soon  dissolves 
pieces  of  copper  thrown  into  it;  the  mixture,  when  cold,  is  brittle.. 
The  union  of  the  two  metals  is  remarkably  slight ;  for,  upon  expos- 
ing the  mass  to  a  heat  no  greater  than  that  in  which  lead  melts,  the 
lead  almost  entirely  runs  off  by  itself.     This  process  is  called  eliqua" 

Bliquation.  tion.    The  coarser  sorts  of  lead,  which  owe  their  brittleness  and  gra- 


*This  was  long  considered  as  a  sesqoioxide,  an  error  collected  bj  Dalton,  iVcw 
SyttemqfChem.iuAl,    T, 

t  Por  other  oomponnda  see  Tamer's  ElemerUt,  376. 


balated  texture  to  an  admixtare  of  copper,  throw  it  up  to  the  sur-  *rt»  VP- 
face  on  beiDg  melted  by  a  moderate  heat.* 


Sscnoir  VII.— Jlfoa2f ,  the  oxides  of  Vfkich  art  reduced  to  the  metal^ 

lie  ttaie  by  a  red  heat, 

1202.  Mercury  or  Quicksilver ^  Hg.  202  eq.,t  is  the  only  one  of  M«ieary. 
the  metals  that  retains  a  fluid  form  at  the  ordinary  temperature  of 

the  atmosphere. 

The  principal  ore  of  this  metal  is  the  sulphuret,  or  native  cintuh  Ore. 
har^  from  which  the  mercury  is  separated  by  distillation  with  quick- 
lime or  iron  filings. 

1203.  Mercury  is  a  brilliant  white  metal,  having  much  of  the  Boiliof 
colour  of  silver,  whence  the  terms  hydrargyrum^  argerUum  vivum^  ^^^* 
and  quicksilver.     It  has  been  known  from  very  remote  ages.     Ac- 
cording to  Crichton  it  boils  and  becomes  vapour  at  666^  F.,  680^ 
according  to  Petit  and  Dulong,  670"*  Brande,  and  662°  T. 

It  also  rises  in  vapour  in  small  portions  at  the  common  tempera- 
ture of  the  atmospherei  particularly  in  a  vacuum. 

1204.  When  the  temperature  of  mercury  is  considerably  increas-  Vapour, 
ed  above  its  boiling  point,  the  vapour  acquires  great  expansive  force, 

and  the  power  of  bursting  the  strongest  vessels.  Gay-Lussac  has 
calculated  that  the  vapour  of  mercury  is  12.01  more  dense  than 
oxygen  gas,  and  that  the  liquid  metal  in  becoming  gaseous,  increaset 
in  volume  961  times. 

1205.  When   the  temperature  of  mercury  is  reduced  to  about  FrMiiiif. 
— 99**  or  40**  F.,  it  becomes  solid  and  malleable. 

By  congelation  it  acquires  an  increase  of  sp.  gr. ;  and,  therefore, 
unlike  other  metals,  the  congealed  portion  sinks  to  the  bottom  of  a 
fluid  mass  of  mercury.  Its  sp.  gr.  at  47**  above  0  F.  being  13.668, 
it  is  increased  by  congelation,  to  15.612. 

Mercury,  if  quite  pure,  is  not  tarnished  in  the  cold  by  exposure  to 
air  and  moisture ;  but  if  it  contain  other  metals,  the  amalgam  of 
those  metals  oxidizes  readily,  and  collects  a  film  upon  its  surface. 

1206.  Mercury  is  sometimes  adulterated  with  the  alloy  of  lead  Adolterm- 
and  bismuth,  a  fraud  easily  detected  by  the  want  of  its  due  fluidity,  Ji^JljJS^ 
and  by  its  not  being  perfectly  volatile,  but  leaving  a  residuum  when 
boiled  in  a  platinum  or  iron  spoon.t 

*  Lead  oombines  with  Iodine,  Flaorine,  dM.,  for  which  see  Tamer,  Brande, 
Tliomsoii  and  others.  t  Tamer,  PkSi.  TranM.^  1688,  part  ii. 

t  Mercurj  which  is  chemically  iropare  will  soon  acqaire  adhesive  films  on  its  sar- 
Ihce,  even  when  cleansed  of  mechanical  impurities,  and  with  a  rapidity  dependent 
on  the  agitation  of  the  metal  or  extension  of  surface.  These  interfere  chemically 
when  the  metal  is  to  be  used  in  forming  combinations,  and  mechanically  in  its  uses 
in  the  trough  in  electro-magnetic  experiments,  and  in  tiie  oonstniction  or  barometers 
and  thermometers. 

The  purification  of  mercury  from  metals  by  distillation  should  be  performed  in  an 
iron  retort,  a  portion  of  clean  iron  and  copper  filings  liafiuff  been  introduced  with  the  Pariiid. 
mercury,  which  should  be  condensed  and  received  in  clean  water.  This  process, 
bowever,  is  not  wholly  unobjectionable,  as  both  zinc  and  arsenic  will  puss  over,  ana 
these  metals  are  often  present.  A  very  useful  method  is  to  put  from  half  an  inch  to 
•a  inch  in  depth  of  mercury,  into  a  large  earthenware  pan,  and  to  poor  over  it  sulph- 
uric  acid  dilated  with  twice  its  weight  of  water.  The  sabstances  should  be  left  to- 
gether for  a  week  or  two,  being  frequently  agitated.    The  metal  and  odd  an  than  to 
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Cfc»P'  ^v«     ^  1207.  The  only  acids  that  act  on  mercnry  are  the  salphnrie  and 
Action  of    nitric,  the  former  requires  the  aid  of  heat  and  sulphurous  acid  is 
Beids.         disengaged  (530) ;  the  latter  acts  at  all  temperatures  and  binoxide  of 
nitrogen  is  evolved  (455). 

Proioiide.       1208.  Protoxide  of  Mercury,  Hg+0,  Hg,  or  HgO,  202  1  eq. 

mere,  -f-  8  1  eq.  oxy.  =  210  equi7.  This  oxide  which  is  a  black 
powder,  insoluble  in  water,  is  best  prepared  by  the  process  recom- 
mended by  Donovan.*  This  consists  in  mixing  calomel  briskly  in  a 
mortar  with  pure  potassa  in  excess,  so  as  to  eSect  its  decomposition 
as  rapidly  as  possible  :  the  protoxide  is  then  washed  with  cold  water, 
and  dried  spontaneously  in  a  dark  place.  These  precautions  are 
rendered  necessary  by  the  tendency  of  the  protoxide  to  resolve  it- 
self into  the  peroxide  and  metallic  mercury,  a  change  which  is 
easily  effected  by  heat,  by  the  direct  solar  rays,  and  even  by  day- 
light. It  is  on  this  account  very  difficult  to  procure  protoxide  of 
mercury  in  a  state  of  absolute  purity. 
Properties.  1209.  It  is  a  black  powder,  insoluble  in  water,  uniting  with  acids, 
but  a  weak  alkaline  base.  The  alkalies  precipitate  it  from  solutions 
of  its  salts  as  the  black  protoxide. 

It  is  thrown  down  as  a  white  carbonate  by  alkaline  carbonates,  but 
soon  becomes  dark  from  loss  of  its  carbonic  acid ;  as  calomel  by 
hydrochloric  acid  or  any  soluble  chloride,  and  as  black  protosulphur* 
et  by  hydrosulphuric  acid ;  this  last  is  the  best  test  of  its  pres- 
ence. 

Peroxide,        1210.  Peroxide  of  Mercury,  Hg+20,  Hg,  or  HgO',  202  1  eq. 

d  ^le**"  ^^^^'  +  16  2  eq.  oxy.  =  218  equiv.     This  oxide  may  be  formed 

®^  either  by  the  combined  agency  of  heat  and  air,  or  by  dissolving 

mercury  in  nitric  acid,  and  exposing  the  nitrate  so  formed  to  a 

temperature  just  sufficient  for  expelling  the  whole  of  the  nitric 

acid.t     It  is  commonly  known  by  the  name  of  red  precipitaie.t 

proeets.  1?>1-  When  prepared  bj  heat  the  proceM  may  be  condncted  by  intro-   isa. 

ducing  into  a  flat-bottom  matrass,  (Fig.  182,)  about  4  ounces  of  mercury,  and  ■ 
pJacin|[  it  m  a  sand-bath,  heated  to  the  boiling  point  of  the  metd.  In  about 
a  month's  time  nearly  the  whole  is  conferted  into  oxide.  Air  is  freely 
admitted  by  the  tube,  while  its  length  prevents  the  escape  of  merourial 
vapour,  which  condenses  and  ialb  back  into  the  body  of*  the  vessel;  the 
remaining  portion  of  running  mi^rcury  may  be  driven  off  by  exposing  it 
in  a  basin  to  a  heat  just  below  redness. 

Properties.      1212.  Peroxide  of  mercurvi  thus  prepared,  is  commonly  in  the 
form  of  shining  crystalline  scales  of  a  nearly  black  colour  while  hot, 

be  separated,  the  latter  preserved  for  a  similar  operation  in  fuluie,  and  the  former 
washed,  dned  and  cleansed  mechanically,  by  squeexing  through  shamois  leather,  by 
agitation  with  damp  loaf  sugar,  passing  through  a  paper  funnel,  dfcc— See  FWadaf's 
Chem,  Manip.  sect.  xx.  r  r  ,  / 

♦  Ann.  of  Pka.  xiv. 

?.'^*P«"»**<'«P'*T*'^<' from  the  nitrate  almost  always  contains  a  trace  of  nitric 
acid,  which  may  be  delected  by  heating  it  in  a  clean  glass  tube  by  means  of  a  spirit- 
lamp;  a  yellow  ring,  formed  of  suhnitrate  of  peroxide  of  mercury.  collecU  withio  the 
tube  jusl  sboTe  the  pan  which  is  heated.    (Clarke.) 

t  Hydrargyri  oxidum  rubrum  of  the  Pharmacop.  In  the  manufacture  of  this  com- 
pound at  Apoihecanes'  Hall  (Lond.)  lOO  Ihs.  of  mercnry  are  boiled  with  48  lh».  of 
nitnc  acid  (sp.  gr.  1.48)  and  by  proper  evaporation  and  applicauon  of  a  dull  red  heat, 
112  lbs.  of  the  hydrarfiryn  nUrioo  nsidum  are  obtained.    B 
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bat  red  when  cold :  when  very  finely  levigated,  the  peroxide  has  swc  vu. 
an  orange  colour.     It  is  soluble  to  a  small  extent  in  water,  forming 
a  solution  which  has  an  acrid  metallic  taste,  and  is  poisonous. 
When  heated  to  redness^  it  is  converted  into  metallic  mercury  and 
oxygen.     Long  exposure  to  light  has  a  similar  elfect* 

1213.  Some  of  the  neutral  salts  of  this  oxide,  such  as  the  nitrate  Aetionof 
and  sulphate,  are  converted  by  water,  especially  at  a  boiling  tern-  ^^^' 
perature,  into  insoluble  yellow  subsalts,  leaving  a  strongly  acid  so- 
lution, in  which  a  little  of  the  original  salt  is  dissolved.     The  oxide 

is  separated  from  all  acids  as  a  red,  or  when  hydratic  as  a  yellow 
precipitate,  by  the  pure  and  carbonated  fixed,  alkalies.  Ammonia 
and  its  carbonate  cause  a  white  precipitate,  which  is  a  double  salt, 
consisting  of  one  equivalent  of  the  acid,  one  equivalent  of  the  pe- 
roxide^  and  one  equivalent  of  ammonia.  The  oxide  is  readily  re- 
duced to  the  metallic  state  by  metallic  copper. 

1214.  Protochloride  of  Mercury,  Hg+Cl,  or  HgCl,  202  1  eq.  Protochlo- 
merc.  +  35.42  1  eq.  chlor.  =  237.42  equiv.     This  compound,  com-  ^^^'  ^' 
monly  termed  calomel^  is  first  mentioned  by  Crollius,  early  in  the 
seventeenth  century.t 

1215.  It  is  always  generated  when  chlorine  comes  in  contact  with  Obtained, 
mercury  at  cbmmon  temperatures ;  and  also  by  the  contact  of  me- 
tallic mercury  and  the  bichloride.    It  may  be  made  by  precipitation, 

by  mixing  nitrate  of  protoxide  of  mercury  in  solution  with  hydro- 
chloric acid  or  any  soluble  chloride.  It  is  more  commonly  prepared 
by  sublimation;  This  is  conveniently  done  by  mixing  272.84  parts 
or  one  equivalent  of  the  bichloride  with  202  parts  or  one  equiva- 
lent of  mercury,  until  the  metallic  globules  entirely  disappear,  and 
then  subliming.  When  first  prepared  it  is  always  mixed  with 
some  corrosive  sublimate^  and,  tnerefore,  should  be  reduced  to 
powder  and  well  washed,  before  being  employed  for  chemical  or 
medical  purposes^t 

1216.  When  obtained  by  sublimation  it  is  in  semi-transparent  Pioperties. 
crystalline  cakes ;  but  as  formed  by  precipitation,  it  is  a  white  pow- 
der.    Its  density  is  7-3»    At  a  heat  short  of  redness,  but  higher 

than  the  subliming  point  of  the  bichloride,  it  rises  in  vapour  with- 
out previous  fusion  ;  but  during  the  sublimation  a  portion  is  always 

*  Guibourt. 

t  The  first  directions  for  its  preparatioo  are  given  by  Beguin,  in  the  Tyndnium 
Chemicum,  published  in  1608.  He  calls  it  draco  mitigatuM.  Several  other  fanciful 
names  have  been  applied  to  it.  such  as  aquUa  miUgata^  manna  metaUorvmif  panchy^ 
magogvm  nUneralet  atiblimatum  dvHee^  mercwrUu  mddSy  <f«. 

t  It  was  formerly  (he  custom  to  submit  calomel  to  very  numerous  sublimations, 
under  the  ides  of  rendering  it  milds  but  these  often  tended  to  the  production  of  cor- 
Tosive  sublimate ;  and  the  calomel  of  the  first  sublimation,  especially  if  a  little  ex- 
cess of  mercury  be  found  in  it,  is  often  more  pure  than  that  anorded  by  subsequent 
operations.  Tne  following  are  the  directions  given  in  the  lamL  Pharmaeop. 
"  Take  of  ozymuriate  of  mercury,  I  lb. 

-^  purified  mercury,  6y  weighi^  9  oz. 

Rub  them  together  until  the  metallic  globules  disappear ;  then  sublime :  take  out  the 
8nbliro<?d  mass,  reduce  it  to  powder,  and  sublime  it  in  the  same  manner  twice  more 
successively  ',  bring  it  to  tne  state  of  a  very  fine  powder;  throw  this  into  a 
large  vessel,  full  of  water ;  then  stir  it.  and,  ai\er  a  short  interval,  pour  the  superna- 
tant turbid  solution  into  another  vessel,  and  set  it  by,  that  the  powder  may  subside. 

^  £<astlyj  having  poured  awajr  the  water,  dry  the  powder." 

,       It  will  be  observed  that  m  these  processes  tne  operation  cooaitts  in  reducing  tlw 
biehloridA  to  tht  stats  of  piolaohkmdt  by  the  additioB  of  nmeary. 


304 


MkUUi—Mirei^^ 


ChiPiiv.  resolved  into  mercury  and  the  bichloride.  It  is  yellow  while  wann* 
but  recovers  its  whiteness  on  cooling.  It  is  distinguished  from  the 
bichloride  by  not  being  poisonous,  by  having  no  taste,  and  by  being 
exceedingly  insoluble  in  water.  Acids  have  little  effect  upon  it ; 
but  pure  alkalies  decompose  it,  separating  the  black  protoxide  of 
mercury. 
Bichloride,  1217.  Bichloride  of  Mercury,  Hg+2C1,  or  HgCP.  202  1  eq.  mere, 
or corrouTe  _j-  70.84  2  eq.  chlor. «  272.84  equiv.  When  mercury  is  heated 
iQblimate.  .^  chlorine  gas,  it  takes  fire,  and  burns  with  a  pale  red  flame,  form- 
ing the  well  known  medicinal  preparation  and  virulent  poison 
corronve  sublimate,  or  bichloride  of  mercury.  It  is  prepared  for 
medical  purposes  by  subliming  a  mixture  of  bisulphate  of  the  per- 
oxide of  mercury  with  chloride  of  sodium  or  sea-salt.*  The  ex- 
act quantities  required  for  mutual  decomposition  are  2d8.2  parts  or 
one  equivalent  of  the  bisulphate,  to  117.44  pans  or  two  equivalents 
of  the  chloride.     Thus, 

Tk«««*«  1  6<l*  Bisalphate  of  Mercury. 

*  ■•**^'       Sulphuric  Acid     .      80.2  or  2  eq.  2flO» 
Peroi.  of  Merc.    .     218  or  1  eq.  HgO^ 


2  eq.  Chloride  of  Sodium. 
Chlorine    .      .    70.84  or  2  eq.  2C1. 
Sodium     .      .    46.6  or  2  eq.  2Na 


298J2  HgO«+2SO»    |  117.44  2  (NH-Cl) 

and  by  mutual  interchange  of  elements  they  produce 


Mercury 
Chlorine 


1  eq.  Bichloride  of  Mercury. 
.    .    202    or  1  eq.  Hg. 
.    .    70.84or2eq.2Cl 

27234      Hg+2C] 


2  eq.  Sulphate  of  Soda. 
Soda    .     .    .    G2.6  or  2  eq.  2NaO 
Sulph.  Acid  .    80.2  or  2  eq.  9SO> 

142.8  2  (NaO+SOO 


The  products  have  exactly  the  same  weight  (272.84  +  142.8  «e 
415.64)  as  the  compounds  (298.2  +  1 17.44  =r  4 15.64)  from  which 
they  were  prepared. 

chftnete  1218.  Bichloride  of  mercury  is  usually  seen  in  the  form  of  apei^ 
"'  fectly  white  semi-transparent  mass,  exhibiting  the  appearance  of  im« 
perfect  crystallization.  It  is  sometimes  procured  in  quadrangular 
prisms,  its  sp.  gr.  is  5.2,  its  taste  is  acrid  and  nauseous,  leaving 
a  peculiar  metallic  and  astringent  flavour  upon  the  tongue.  It  dis- 
solves in  20  parts  of  water  at  60°,  and  but  twice  its  weight  at  212^. 
It  is  more  soluble  in  alcohol  than  in  water.  When  heated,  it  readi- 
ly sublimes  in  the  form  of  a  dense  white  vapour,  strongly  affecting 
the  nose  and  mouth.  It  dissolves  without  decomposition  in  hydro- 
chloric, nitric,  and  sulphuric  acids :  the  alkalies  and  several  of  the 
melals  decompose  it. 

Action  of        1219.  Its  aqueous  solution  is  gradually  decomposed  by  light,  cal- 

lifht.         omel  being  deposited. 

Of  aikmi'  ^^^  P"^^  ^^^  carbonated  fixed  alkalies  throw  down  the  peroxide 
'^'  of  mercury  from  a  solution  of  corrosive  sublimate ;  ammonia  on  the 


*  The  followioff  is  the  proceM  followed  at  Apothecaries  Hall,  <Lond.>  SO  lbs.  of 
mercury  are  boilea  with  70  lbs.  of  sulphoric  acid,  to  dryness,  io  a  cast-iron  ressel  ^ 
62  Uis.  of  the  dry  salt  are  triturated  with  40  1-2  lbs.  of  roercnry,  until  the  globules 
disappear,  aod  34  lbs  of  common  salt  are  then  added.  This  mixture  is  submitted  to 
heat  m  earthen  Teasels,  and  from  95  to  100  lbs.  of  calomel  are  the  result.  It  is  to  be 
washed  in  large  qoantitiea  of  diftiilsd  water,  after  hvring  beea  gnrand  to  a  fine  sad 
'    "  powder. 
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contrary,  causes  the  depoeition  of  a  white  matter  which  is  common^  Sect,  vn. 
\y  known  as  wkiU  preeipitatt.^  White  pro- 

1220.  The  presence  of  mercary  in  a  fluid,  supposed  to  contain  cipitate. 
corrosiTe  sublimate,  may  be  detected  by  concentrating  and  drgeisting  D«t«c^ion 
it  with  an  excess  of  pure  potassa.     Peroxide  of  mercury,  which     ™«"''"y» 
subsides,  is  then  sublimed  in  a  small  glass  tube  by  means  of  a  spirit- 
lamp,  and  obtained  in  the  form  of  metallic  globules.     When  the 
bichloride  is  mixed  with  organic  substances,  Christison  recommends 

that  the  liquid,  without  previous  filtration,  be  agitated  with  a  fourth 
of  its  volume  of  ether,  which  separates  the  poison  from  the  aqueous 
part  and  rises  to  the  surface.  The  ethereal  solution  is  then  evapora- 
ted on  a  watch-glass,  the  residue  dissolved  in  Water,  and  the  mercu- 
ry precipitated  in  the  metallic  state  by  protochloride  of  tin  at  a 
tailing  temperature.t 

1221.  A  very  elegant  method  of  detecting  the  presence  of  mer-  SylToster's 
cury  is  to  place  a  drop  of  the  suspected  liquid  on  polished  gold,  and  method), 
to  touch  the  moistened  surface  with  a  piece  of  iron  wire  or  the  point 

of  a  penknife,  when  the  part  touched  instantly  becomes  white,  owing 
to  the  formation  of  an  amalgam  of  gold.  This  process  was  orig- 
inally suggested  by  Sylvester,  and  has  since  been  simplified  by 
Paris,  t 

1222.  Many  animal  and  vegetable  solutions  convert  bichloride  of  Action  of  ' 

mercury  into  calomel.     Some  substances  effect  this  change  slowly ;  *^**"°*'°- 

while  others,  and  especially  albumen,  produce  it  in  an  instant. 

Into  a  solution  of  corrosive  sublimate  drop  a  solution  of  albumen,  made  hj  Exp. 
mixing  a  portion  of  white  of  egg  with  water,  a  white  flocculent  precipitate 
subsides,  which  Orfila  has  shown  to  be  a  compound  of  cajomel  and  albumen, 
and  which  he  has  proved  experimentally  to  be  inert.*    Consequently,  a  solu- 
tion of  the  white  of  eggs  is  an  an  antidote  to  poisoning  by  corrosive  sublimate. 

1223.  Protiodidt  of  Mercury,  Hg+I,  or  Hgl,  202  1  eq.  mere.  +  Pmiiodide. 
126.3  1  eq.  iod.  =  ^8.3  equiv.,  is  obtained  by  mixing  nitrate  of 
protoxide  of  mercury  in  solution,  with   iodide  of  potassium  ;  when 

the  latter  is  added  to  the  mixed  nitrates  of  the  protoxide  and  perox- 
ide of  mercury,  the  latter  in  excess,  the  sesquiodide  falls. 

1224.  Biniodide  of  Mercury ^  Hg4-2I,  or  HgP,  202.  1  eq.  mere.  Biniodide. 
-f- 252.6  2  eq.  iod.  =  464.6  equiv.     This  compound  is  formed  by 
mixing  nitrate  of  the  peroxide  or  bichloride  of  mercury  with  iodide 

of  potassium  in  solution,  and  falls  as  a  rich  red-coloured  powder  of 
a  tint  which  vies  in  beauty  with  that  of  vermilion,  though   unfortu- 


*  This  substance  has  been  recsntlT  examined.*    It  was  found  that  a  slight  exeess 

of  ammonia  being  added,  just  one  half  the  chlorine  of  the  corrosiTe  sublimate  was 

separated,  the  other  half  remaining  in  thesolatioo  with  the  ammonia.  The  precipitate, 

DSTertheless,  did  not  contain  calomel.    It  was  found  to  he  composed  of 

Mercury        .  78.6  Ammonia  .        6.77 

Chlorine      .       .       13,86         Hygrometric  water  )        .g 

loss  and  oxygen,     ^       *'<' 
Its  atomic  consiitutieo  would  appear  from  this  analysis  to  contain  the  comipound 
radical  which  is  the  base  of  the  amides. 

t  If,  as  is  probable,  most  of  the  poison  is  already  convened  into  calomel,  and 
thereby  rendered  insoluble,  as  many  vegetable  fibres  should  be  picked  out  as  possible, 
tad  the  whole  at  once  digested  with  protcchloride  of  tin*  The  ornnic  substances 
are  then  dissolved  in  a  hot  solutioa  of  caustic  potassa,  and  the  insoluble  parU  washed 
and  sublimed  to  separate  the  meccury.t 

t  Medieal  Juriiprudeneej  by  Paris  and  Fonblanque.        §  ThsieoU^,  Tol.  i. 
*  Kane  in  JrttHt.  IrisA  JSead.  xr\L        t  Christisoa  oo  FMmm* 
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Oap.  !▼.  natelvy  the  colour  is  less  permanent.  Though  insoluble  in  water,  it 
dissolves  freely  in  an  excess  of  either  of  its  precipitants.  If  taken 
up  in  a  hot  solution  of  nitrate  of  peroxide  of  mercury,  the  bioiodide 
crystallizes  out  on  cooling  in  scales  of  a  beautiful  red  tint.  The 
same  crystals  separate  from  a  solution  in  iodide  of  potassium;  but 
if  the  liquid  be  concentrated,  a  double  iodide  of  mercury  and  po- 
tassium subsides. 

Effect  of         1225.  The  biniodide,  when  exposed  to  a  moderate  heat,  gradually 

^^^  becomes  yellow ;  and  the  particles,  though  preyiously  in  powder, 

acquire  a  crystalline  appearance.  At  about  400**  it  forms  a  yellow 
liquid  which  slowly  sublimes  in  small  transparent  scales,  or  in  large 
rhombic  tables,  when  a  considerable  quantity  is  sublimed.  The 
crystals  retain  their  yellow  colour  at  60^  if  kept  very  tranquil ;  but 
if  the  temperature  be  below  a  certain  point,  or  they  are  rubbed  or 
touched,  they  quickly  become  red."*^  This  phenomenon  is  entirely 
due  to  a  change  in  molecular  arrangement :  the  different  colours  so 
often  witnessed  in  the  same  substances  at  different  temperatures,  as 
in  peroxide  of  mercury  and  the  protoxides  of  lead  and  zinc,  appear 
to  be  phenomena  of  tho  same  nature.t 

Snlphiinu.      1226.  Prototulphuret  of  Mercury,  Hg+S,  or  HgS,  202    1  eq. 

mere,  -f-  16.1  1  eq.  sulph.  =  218.1  equiv.,  may  be  prepared  by 

transmitting  a  current  of  hydrosulphuric  acid  gas  through  a  dilute 

solution  of  nitrate  of  protoxide  of  mereury,  or  through  water  in 

which  calomel  is  suspended.   It  is  a  black-coloured  substance,  which 

is  oxidized  by  digestion  in  strong  nitric  acid.     When  exposed  to 

heat  it  is  resolved  into  the  bisulphnret  and  metallic  mercury. 

Bimdpha-        1227.  Bwdphuret  of  Mercury,  Hg+2S,  or  HgS*,    202  1  eq. 

rst.  or  CIO'  ~* 

saber.        mere,  -f-  32.2  2  eq.  sulph.  =  234.2  equiv.,  is  formed  by  fusing 

sulphur  with  about  six  times  its  weight  of  mercury,  and  subliming 
in  close  vessels.  When  procured  by  this  process  it  has  a  red  colour, 
and  is  known  by  the  name  of  factitious  cinnabar.t  Its  tint  is  great- 
ly improved  by  being  reduced  to  powder,  in  which  state  it  forms  the 
beautiful  pigment  vermilion.  It  may  be  obtained  in  the  moist 
wav  by  pouring  a  solution  of  corrosive  sublimate  into  an  excess  of 
hydrosulphate  of  ammonia.  A  black  precipitate  subsides,  which 
acquires  the  usual  red  colour  of  cinnabar  when  sublimed. 

1228.  Cinnabar  is  not  altered  by  exposure  to  air  or  moisture; 
when  heated  to  dull  redness  in  an  open  vessel,  the  sulphur  forms 
sulphurous  acid,  and  the  mercury  escapes  in  vapour.  It  is  decom- 
posed by  distillation  with  fixed  alkalies,  lime,  and  baryta,  and  by 

*  This  appears  to  have  been  first  noticed  hf  Hayes,  who  has  giren  an  economical 
process  for  preparing  the  compoond  in  Amer,  Jour.  xvi.  174. 

t  Se»quio4ide  ^  Mercury,  2Hg+8l,  or  H^I*,  404  8  eq.  mere.  +  37S.S  8  eq.  iod. 
SB  782.9  equir. 

pTfxtabromide  of  Mercury,  Hg+Br,  or  HgBr,  903  1  eq.  mere.  +  T8.4  1  eq.  biom. 
s  280.4  e^uiT. 

Bihronude  qf  Mercury,  Hg+2Br.  or  UgBi*,  203  1  eq.  mere,  -f  1SS.S  2  eq.  brom. 
=368.8  eqniT. 

t  In  the  mannfikctare  of  cinnabar  8  parts  of  mercury  are  mixed  in  an  iron  pot  with 
one  of  solphnr,  and  made  to  combine  oy  a  moderate  heat,  and  constant  stimng  [this 
compoQDd  is  then  transferred  to  a  fflass  snbliming  vessei,  (on  a  sBiaU  scaie  a  Flor- 
enoe  flask  answers  perfectly,)  and  heated  to  redness  in  a  sand-bath ;  a  quantity  of 
XDereuiT  and  of  sulphor  etajMrate,  and  a  sublimate  forma  which  is  rsmoToa,  and  rub- 
bad  or  MTigatad  into  a  vary  Am  powder. 
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MTeral  of  the  metab.    When  adaltemted  with  red. lead  it  ii  not  en-  a^o-vit. 
tirely  yolatile. 

1229.  Native  Cinnabar  is  the  principal  ore  of  mercury ;  it  occurs  Natttscin- 
massive  and  crystallized  of  various  colours,  sometimes  appearing ''*^' 
steel-gray,  at  others  bright  red.    Native  mercury  and  native  amal- 
gam of  silver  sometimes  accompany  it. 

1230.  When  equal  parts  of  sulphur  and  mercury  are  Ctiturated 
together  until  metallic  globules  cease  to  be  visible,  the  dark  coloured  Ethiopt. 
mass  called  ethiopt  mineral  results^  which  Brande  has  proved  to  be  a 
mixture  of  sulphur  and  bisulphuret  of  mercury.'**' 

1231.  Mercury  combines  with  most  of  the  other  metals,  and  forms  Amalgaiui. 
a  class  of  compounds  which  have  been  called  amalgams.     These  are 
generally  brittle  or  soft.     One  part  of  potassium  with  70  of  mercury 
produces  a  hard  brittle  compound.  If  mercury  be  added  to  the  liquid 

alloy  of  potassium  and  sodium,  an  instant  solidification  ensues,  and 
heat  enough  to  inflame  the  latter  metal  is  evolved.  The  amalgams 
of  gold  and  silver  are  employed  in  gilding  and  silvering. 

An  amalgam  of  2  parts  of  mercury,  1  of  bismuth,  and  1  of  lead,  is 
fluid,  and  when  kept  for  some  time,  deposits  cubic  crystals  of  bi»- 
muth.t 

1232.  By  combination  with  mercury,  metals  that  are  not  easily  Oxidttion 
oxidized,  acquire  a  facility  of  entering  into  union  with  oxygen.  Jj^jJJJ^ 
Thus  gold  and  silver,  when  combined  with  mercury,  are  oxidized  by  bTmmwy. 
ignition  in  contact  with  air.     This  fact  furnishes  a  striking  illustra- 
tion of  the  efiect  of  overcoming  the  aggregative  affinity  of  bodies  in 
promoting  chemical  union. 

1233.  When  mei^ury  is  negatively  electrized  in  a  solution  of  am- 
monia, or  when  an  amalgam  of  potassium  and  mercury  is  placed 
upon  moistened  hydrocblorate  of  ammonia,  the  metal  increases  in 
volume>  and  becomes  of  the  consistency  of  butter,  an  appearance 
which  has  sometimes  been  called  the  metallization  of  ammonia.  It 
has  suggested  some  hypotheses  concerning  the  nature  of  ammonia 
and  the  metals  (731).t 

saver. 

Sjfmb,  Ag       Equio,  108 

1234.  Silver  is  found  native,  and  in  a  variety  of  combinations ;  it  SUvtr, 
was  known  to  the  ancients.  Native  silver  occurs  crystallized  in  oc- 
tohedral  or  cubic  crystals,  arborescent  and  capillary.  It  is  seldom 
pure,  but  contains  small  portions  of  other  metals,  which  afiect  its 
colour  and  ductility.  It  is  chiefly  found  in  primitive  countries.  In 
Peru  and  Mexico  are  tbe  richest  known  mines  of  native  silver. 

1235.  Pure  silver  may  be  obtained  from  goldsmiths',  or  standard  Pore,  pra- 
silver,  by  dissolving  it  in  nitric  acid  and  precipitating  by  means  of  a  ••••*°'"- 

♦  Jour,  of  SeL  vol.  xviH.  p.  294. 

loduretted  Biddoride  of  ilfemiry.  20HgCIH>l,  646Sj8  20  eq.  biehlor.  +  126.3  1 
«q.  iodine  =  5663.1  equiT. 

lodobidhhride  qf  Mercury.  40HgClH-HgIs,  10913.6  40  cq.  biehlor.  +  454.6  1  eq. 
biniodide  =  11368.2  equi?. 

t  For  the  method  of  making  an  amalgam  of  copper  see  Aikin's  Dkt.^  art.  Afercury, 
p.  92 ;  Thomson's  Chem.  oflnorg,  Bodiet,  i.  626. 

^UpoQ  this  subject  the  student  may  eoosult  Gay-Losnc  and  Thmtad^iRed^ehst 
Myt.  Ckim.  vol.  i.),  and  Benelina  (Utrbueh  I). 


<^>»P-J^*  clean  piece  of  copper,  washing  with  pure  water,  and  then  digeetiag 

in  ammonia,  to  remove  the  copper. 

^A^^^'         1236.  A  better  process  is  to  aeeompose  chloride  of  silver  by  means 

of  carbonate  of  potassa. 

For  this  purpose  precipitate  a  eolation  of  nitrate  ol'oside  of  eilver  wilii  chloride 
of  sodium,  wash  the  precipitate  with  water,  and  dry  it.  Then  put  twice  its 
weight  of  carbonate  or  potassa  into  a  clean  Hessian  or  olack  lead  crucible,  beat  it 
to  redness,  and  throw  the  chloride  by  successive  portions  into  the  fused  alkali. 
Effervescence  takes  place  from  the  evolution  of  carbonic  acid  and  oxyceti  gases, 
chloride  of  potassiuiD  is  generated,  and  metallic  stiver  subsides  to  the  bottom. 
The  pure  metal  may  be  granulated  by  pouring  it  while  fused  from  a  height  of 
seven  or  eight  feet  into  a  vessel  of  water.* 

Charedeit.  1237.  Silver  has  a  pure  white  colour,  and  considerable  brilliancy. 
Its  sp.  gr.  is  10.51  (hammered).  It  is  so  malleable  and  ductile,  that  it 
may  be  extended  iato  leaves  not  exceeding  a  ten  thousandth  of  an 
inch  in  thickness,  and  drawn  into  wire  finer  than  a  human  hair. 

Properties.  123S.  It  melts  at  a  bright  red  heat,  1873^  F.,  and  when  in  fusion 
appears  extremely  brilliant.  It  resists  the  action  of  air  and  moisture, 
and  does  not  oxidize  ;t  the  tarnish  of  silver  is  occasioned  by  sulpbu* 
reus  vapours;  it  takes  place  very  slowly  upon  the  pure  metal,  but 
more  rapidly  upon  the  alloy  with  copper  used  for  plate,  and  was 
found  by  Proust  to  consist  of  sulphurct  of  silver. 

Effect  of         1239.  Pure  water  has  no  effect  upon  the  metal;  but  if  the  water 

water,  Ac.  contain  vegetable  or  animal  matter,  it  often  slightly  blackens  its  sur- 
face in  consequence  of  the  presence  of  sulphur.  If  an  electric  explo- 
sion be  passed  through  fine  silver  wire,  it  burns  into  a  black  powder, 
which  is  an  oxide  of  silver.  In  the  Voltaic  circle  it  burns  with  a 
fine  green  ligbt,  and  throws  off  abundant  fumes  of  oxide.  Exposed 
to  an  intense  white  heat,  it  boils  and  evaporates.  If  suddenly  cooled, 
it  crystallizes  during  congelation,  often  shooting  out  like  a  cauli- 
flower, and  throwing  small  particles  of  the  metal  out  of  the  crucible. 

^J^lls-  1240.  Silver  is  not  unfrequently  obtained  in  considerable  quanti- 
ties from  argentiferous  sulphuret  of  lead,  which  is  reduced  in  the 
usual  way  and  then  cupelled;  the  oxide  of  lead  thus  procured  is  af- 
terwards reduced  by  charcoal.} 

*  Thomson  fbund  it  difficult  to  obtain  silver  free  from  copper,  even  when  reduced 
from  the  chloride,  but  accomplished  the  object  bv  first  washing  the  chloride  with  di- 
hited  nitric  acid,  which  removea  the  copper.    Firat  PrindpleBf  ii.  436. 

t  When  fused  in  open  vessels  it  absorbs  oxyffen  atnountinff  sometimes  to  twentytwo 
times  its  volume,  bat  parts  with  il  in  the  act  of  becoming  solid.    T. 

t  Tbe  principle  of  its  separation  from  lead  is  founded  on  the  different  ozidability  of 
lead  and  silver,  and  on  the  ready  fusibility  oflitharge.  The  lead  obtained  from  those 
kinds  of  ealena  which  are  rich  in  sulphuret  of  silver  is  kept  at  a  red  heat  in  a  flat  fnr- 
nace^  with  a  draught  of  air  constantly  playing  on  its  surface  j  the  lead  is  thus  rapidly 
oxidized ;  and  as  the  ozide^  at  the  moment  of  its  formation,  is  fiised,  and  runs  oflT 
through  an  aperture  in  the  side  of  the  furnace,  tbe  production  of  litharge  goes  on  un- 
interruptedly until  all  tbe  lead  is  removed.  The  button  of  silver  is  again  fused  in  a 
smaller  furnace,  resting  on  a  porous  earthen  dish,  made  with  bone-ashes,  Fig.l83. 
called  a  test  or  cvjid,  the  porositv  of  which  is  so  great,  that  it  absorbs  any 
remaining  portions  of  litharge  which  may  be  formed  on  the  silver. 

The  cupel  is  easily  prepared  by  driving  pounded  bone  ashes  into  a  small 
brass  mould,  by  means  of  a  pestle  (Fig.  183),  struck  forcibly  by  a  wooden 
Fig.  184.  mallet,    it  must  then  be  removed  cautiously,  placed  on 

a  piece  o(  paper  and  dried.  The  mould  is  open  above 
and  below.  In  the  process  the  cupel  is  placed  in  a  mt^- 
fjt  (Rg.  184),  which  is  made  of  the  clay  used  for  cruci- 
hles,  arched  above  and  closed  at  every  side  except  in 
front,  so  that  it  may  be  ezpoeed  to  a  hurb  temperature, 
and  air  be  at  the  same  tine  admitted.    Toe  cupel  in  which  is  the 


tion. 
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Some  ef  the  silver  ores,  especiaUy  the  sulpkuTets,  ere  reduced  by  ^•cu  vii. 
ftiDalgamattotk     Tliese  oves,  when  washed  and  ground,  are  mixed  ^malga- 
wiih  a  portion  of  common  salt  and  roasted ;  then  powdered  and  mation. 
mixed  by  agitation  with  mercury,  and  the  amalgam  thus  formed  is 
distilled.*    . 

1241.  The  only  pare  acids  that  act  upon  silver,  are  the  sulphuric  Action  of 
and  nitric,  the  latter  is  its  proper  solvent,  forming  with  its  oxide  a  salt,  ^^' 

which,  after  fusion,  is  known  as  lunar  amstic  \ 

1242.  Chnde  of  iSUver,  Ag+0,  Ag,  or  AgO,  108  1  eq.  silver  +  Oxide.  j 
8  1  eq.  oxy.  =  116  equiv.,  may  be  procured  by  mixing  a  solution  of 
pure  baryta  with  nitrate  of  oxide  of  silver  dissolved  in  water.     It  is 
of  a  brown  colour,  insoluble  in  water,  and  is  completely  reduced  by 
a  red  heat. 

1243.  Silver  is  separated  from  its  solution  in  nitric  acid  by  pure  Aeticm  of 
alkalies  and  alkaline  earths  as  the  brown  oxide,  which  is  redissolved  j)^^ 
by  ammonia  in  excess ;  by  alkaline  carbonates  as  a  white  carbonate, 
soluble  in  an  excess  of  carbonate  of  ammonia ;  as  a  dark  brown  sul- 
phuret  by  hydrosulphuric  acid ;  and  as  a  white  curdy  chloride  of 
silver,  which  is  turned  violet  by  light  and  is  very  soluble  in  ammonia, 
by  hydrochloric  acid  or  any  soluble  chloride.  By  the  last  character, 
silver  may  be  both  distinguished  and  separated  from  other  metallic 
bodies* 

1244.  Silver  is  precipitated  in  the  metallic  state  by  most  other  Arbor  Di- 
metals.     When  mercury  is  employed  the  precipitation  is  very  slow,  *"•» 
and  produces  a  peculiar  symmetrical  arrangement,  called  the  arbor 


lead  axul  silver,  is  placed  in  the  muffle,  in  the  cupelling' Jumaee.  (Fig.       ^g^  1^' 

186.)   This  furnace  has  an  opening  in  one  of  Us  sides  to  receive  the 

muffle. 

This  is  an  im[>ortant  process  and  much  used  by  refiners  and  assay- 
ers  in  the  analysis  of  alloyed  silver.  Supiiosing  that  an  alloy  of  silver 
and  copper  is  to  be  as$ayedt  or  analyzed,  by  copellation,  the  following 
is  the  miode  of  proceeding. 

A  clean  piece  of  the  metal,  weighing  about  30  grains^  is  laminated, 
ftnd  accurately  weighed  in  a  verv  sensible  balance.  It  is  then  wrapped  op  in  the  re- 
tquiaito  quantity  of  sheet  lead,  (pure  and  reduced  from  litharge,)  and  placed  upon  a 
small  cupelf  or  shallow  crucible,  raada  of  bone  earth,  which  has  been  previously 
heated.  The  whole  is  then  placed  under  the  muffle,  heated  to  bright  redness;  the 
metals  melt,  and  by  the  action  of  the  air  which  plays  over  the  hot  surface,  the  lead 
and  copper  are  oxidized  and  absorbed  by  the  cnpMel«  and  a  button  of  pure  silver  ulti« 
mateljr  remains,  the  completion  of  the  process  being  judsfed  of  by  the  cessation  of  the 
oxidation  and  motion  upon  the  surface  of  the  globule,  and  by  the  very  brilliant  appear- 
ance assumed  by  the  silver  when  the  oxidation  or  its  alfoy  ceases.  The  button  of 
pure  metal  is  then  sufiered  to  cool  gradually,  and  its  loss  of  weight  will  be  aquivalent 
to  the  weight  of  the  alloy,  which  has  been  separated  by  oxidation. 

To  perform  this  prodbss  with  accuracy,  many  precautions  are  requisite,  and  nothing 
but  practice  can  teach  these,  so  as  to  enable  tne  operator  to  gain  certain  resulu.  A 
muffle  10  inches  in  length.  5  broad,  and  about  4A  high,  answers  for  mo6t  operations. 
It  should  never  be  exposed  suddenly  to  a  strong  neat,  as  it  is  very  apt  to  be  cracked ; 
the  fire  should  also  {)e  Msed  very  gndually,  at  first  with  little  more  tnan  may  prevent 
it  from  going  out.  The  fuel  is  introduced  from  an  opening  above,  and  care  must  be 
taken  not  to  allow  any  of  it  to  fall  directly  upon  the  muffle.  The  bottom  should  rest 
on  a  fire  brick,  and  its  sides  be  at  least  9  inches  from  the  walls  of  the  furnace. 

*The  old  process  of  diqaatUm  is  now  scarcely  used  ;  it  consisted  in  fusing  alloys 
of  copper  and  silver  with  lead ;  this  triple  alloy  was  cast  into  round  masses  which 
were  set  in  a  proper  furnace  upon  an  inclined  plane  of  iron  with  a  small  channel  groov- 
ed out,  and  heated  red-hot,  during  which  the  lead  melted  out,  and  in  onnseouence  of 
its  attraction  for  silver,  carrried  that  metal  with  it,  the  copper  being  left  beoind  in  a 
reddish-black  spongy  mass.* 

*  Aikfai's  DitL  art.  SOmt. 
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oh>p  IV.  Diana.  It  was  first  remarked  by  Lemery.  To  obtain  this  crystal- 
lization in  its  most  perfect  state,  the  solutioo  should  contain  a  little 
mercury,  and  the  mercury  put  into  it  should  be  alloyed  with  a  little 
silver. 

How  made .  Make  an  amalgam,  without  heat,  of  four  drachma  of  ailver  leaf  with  two  drachma 
of  mercury.  Diasolve  the  amaJgam  in  four  ounoea  or  a  aufficient  qixantitj  of  pare 
nitric  acia  of  a  moderate  strength ;  dilate  this  solution  in  about  a  pound  and  a 
half  of  distilled  water ;  asitate  the  mixture,  and  preserve  it  for  use  in  a  glass  bottle 
with  a  ground  stopper.  When  this  preparation  is  to  be  osed,  the  quantity  of  one 
ounce  is  put  into  a  phial,  and  the  size  of  a  pea  of  amalgam  of  gold,  or  silver,  as 
soft  as  butter,  is  to  be  addpd ;  after  which  tne  vessel  must  be  left  at  rest.  Soon 
afterwards,  small  filaments  appear  to  issue  out  of  the  ball  of  amalgam,  which  in- 
crease and  shoot  out  branches  in  the  form  of  shrubs.  U.  703.  According  to 
Proust  all  that  is  required  is  to  throw  mercury  into  nitrate  of  stiver  very  much 
diluted. 


Fulmina- 
ting silver. 


1245.  When  oxide  of  silver,  recently  precipitated  by  baryta  or 
lime-water,  and  separated  from  adhering  moisture  by  bibulous  paper, 
is  left  in  contact  for  ten  or  twelve  hours  with  a  strong  solution  of 
ammonia,  the  greater  part  of  it  is  dissolved  ;  but  a  black  powder  re« 
mains  which  detonates  violently  from  heat  or  percussion.  This 
substance, ,  which  was  discovered  by  Berthollet,*  appears  to  be  a 
compound  of  ammonia  and  oxide  of  silver ;  for  the  products  of  its 
detonation  are  metallic  silver,  water,  and  nitrogen  gas. 

Process.  PrecijHtate  nitrate  of  niver  by  lime-water,  and  thoroughly  edulcorate  and  dry 

the  precipitate.  Let  this  be  afterward  put  into  a  vessel  of  the  purest  liquid  am- 
monia, in  which  it  may  remaip  for  ten  or  twelve  hours.  It  will  then  assume  the 
form  of  a  black  powder,  from  which  the  fluid  is  to  be  decanted,  and  the  black 
substance  left  to  dry  in  the  air. 

This  is  the  celebrated  compound  termed  fulminating  silver^  which 
explodes  with  the  gentlest  heat,  and  even  with  the  slightest  friction. 

CattttoD.  1246.  It  should  be  made  in  very  small  quantity  at  a  time,  and 
dried  spontaneously  in  the  air.t  When  once  prepared,  no  attempt 
must  be  made  to  enclose  it  in  a  bottle,  and  it  must  be  left  undisturbed 
in  the  vessel  in  which  it  was  dried.  Great  caution  is  necessary  in 
the  preparation  of  this  substance,  for  in  making  experiments  on  it 
several  fatal  accidents  have  been  produced  by  indiscretion  in  its  use. 
It  even  explodes,  when  moist,  on  the  gentlest  friction.} 

The  liquid  when  gently  heated,  affords  a  still  more  dangerous 
compound.  Another  detonating  compound,  less  dangerous,  may  be 
prepared  by  dissolving  silver  in  nitric  acid,  and  adding  the  solution 
to  alcohol.  It  is  this  which  is  used  in  the  little  balls  known  by  the 
name  of  torpedoes.^ 

Chloride.  1247.  Chloride  of  SUver,  Ag+Cl,  or  AgCl,  109 1  eq.  silver  -f  3d.42 
1  eq.  chlor.  =  143.42  equiv.,  occurs  in  nature  and  is  the  horn  silver 
of  mineralogists.  It  is  generated  when  silver  is  heated  in  chlorine 
gas,  and  may  be  prepared  conveniently  by  mixing  hydrochloric  acid, 
or  any  soluble  chloride,  with  a  solution  of  nitrate  of  oxide  of  silver. 
As  formed  by  precipitation  it  is  quite  white ;  but  by  exposure  to  the 


Effect  of 
Ught. 


*  ilfui.  de  Cfiim.  i. 

t  The  student  cannot  be  too  careful  in  preparing  this  daogeroos  substance,  which 
has  caused  several  fatal  accidents.  See  Broce's  Jmn.  Jour.,  i.  3  aod'for  details  SiUi- 
man's  Otem.f  ii.  836. 

t  See  Count  Rumford*s  papers,  PhU.  TrauM.,  17S8. 

%  For  pracesMs  see  Silliman's  Chem.,  ii. 
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direct  solar  raye  it  becomeB  violet,  and  almost  black,  in  the  course  of  Sacu  vil 
a  kw  minutes;  and  a  similar  effect  is  slowly  produced  by  diffused 
day-ligfat."^   According  to  BenhoUet,  the  dark  colour  is  owing  to  se- 
paration of  oxide  of  silver.t 

1248.  It  is  insoluble  in  water,  and  is  dissolved  very  sparingly  by  Of  adds, 
the  strongest  acids  ;  but  it  is  soluble  in  ammonia.     Hyposulpfaurous 

acid  likewise  dissolves  it.  At  about  500°  it  fuses,  and  forms  a  semi- 
transparent  horny  mass  on  cooling,  which  has  a  density  of  5.524.  It 
bears  any  degree  of  heat,  or  even  the  combined  action  of  pure 
charcoal  and  heat,  without  decomposition  ;  but  hydrogen  gas  decom- 
poses it  readily. 

1249.  Chloride  of  silver  is  very  soluble  in  ammonia,  by  which  it  Action  of 
is  usefully  distinguished  from  some  other  chlorides,  which,  like  jt,"""®"'' 
are  white,  and  formed  by  precipitation.} 

1250.  As  chloride  of  silver  is  insoluble  in  water,  and  very  readily  Uses, 
formed,  it  is  often  employed  in  analysis,  as  a  means  of  ascertaining 

the  proportion  of  chlorine  present  in  various  compounds.^ 

1251.  Sulphuret  of  SUver.  Ag+S,  or  AgS,  108  1  eq.  silver  Sulphareu 
-^  16.1  1  eq.  sulph.  =  124.1  equiv.     Silver  has  a  strong  affinity 

for  sulphur.  This  metal  tarnishes  rapidly  when  exposed  to  nn  at- 
mosphere containing  hydrosulphuric  acid  gas,  owing  to  the  forma- 
tion of  a  sulphuret.  On  transmitting  a  current  of  this  gas  through 
a  solution  of  lunar  caustic,  a  dark  brown  precipitate  subsides,  which 
is.  a  sulphuret  of  silver.  The  iilver  glance  of  mineralogists  is  a 
similar  compound,  and  the  same  sulphuret  may  be. prepared  by 
heating  thin  plates  of  silver,  with  alternate  layers  of  sulphur.  This 
sulphuret  is  remarkable  for  being  soft  and  even  malleable.il 

1252.  Alloys  of  Stirrer.     Silver  unites  with  most  other^  metals,  Alloys, 
and  suffers  greatly  in  malleability  and  ductility  by  their  presence. 
When  silver  and  steel  are  fused  together,  an  alloy  is  formed,  which 
appears  perfect  while  in  fusion,  but  globules  of  silver  exude  from  it 

on  cooling,  which  shows  the  weak  attraction  of  the  metals.  At  a 
very  high  temperature  the  greater  part  of  the  silver  evaporates,  but 
a  portion  equal  to  about  1  in  500  remains,  forming  a  perfect  alloy, 
admirably  adapted  to  the  formation  of  cutting  instruments. T 

1253.  Silver  readily  combines  with  zinc  and  tin,  forming  brittle 
alloys.  The  alloy  of  silver  with  copper  is  of  the  most  importance,  as 
it  constitutes  plate  and  coin.  By  the  addition  of  a  small  proportion 
of  copper  to  silver,  the  metal  is  rendered  harder  and  more  sonorous. 


*AdTantaffe  has  been  taken  of  this  in  obtaioing  copies  of  paintings,  engravings, 
&c.,  see  Talbot  on  Photogenic  Drauingt  in  Lond,  and  EkUn.  Pfulot.  Jour.  xit.  197. 

t  Stat  Chim,  vol.  i.  p.  195. 

^  tWeshonldbecantious  in  applying  heat  to  the  ammoniacal  solution,  as  it  some- 
times forms  a  falminatmg  precipitate. 


a  portion  is  probably  retained.  When  the  precipitate  remains  long  suspended,  its 
deposition  may  be  accelerated  by  warmth,  or  by  aadiog  a  little  nitric  acid.  The  chlor 
ride  in  these  cases  should  be  perlieotly  dried  in  a  silver  crucible,  up  to  incipient 
fusion.    B.  ii.  180. 

II  Iodide  of  SUver.  Ag+I,  or  Agl,  108 1  eq.  silver  + 126.3  1  eq.  iodine  =  234.3  equiv. 

IT  Stoddart  and  Fanday,  on  tha  AUoyt  <^  Sted.    Quart'  Jour.  iz. )  Boti.  Jmir, 
i.  ISO. 
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cb»p  iv»  while  its  colour  is  scarcely  impaired.    With  lead  tba  alloy  is  frtij 
and  brittle,  as  also  with  antimony,  bismuth,  cobalt,  and  arsenic.*' 

1254.  Amalgam  of  silver  is  sometimes  employed  for  plating;  it 
is  applied  to  the  surface  of  copper,  and  the  mercury  being  evaporated 
bv  heat,  the  remaining  silver  is  bomished.  The  better  kind  of 
plating,  however  is  performed  by  the  application  of  a  plate  of  silver 
to  the  surface  of  the  copper,  which  is  afterwards  beaten  or  drawn 
out. 

1255.  A  mixture  of  chloride  of  silver,  chalk,  and  pearlash,  is  em- 
ployed for  silvering  brass ;  the  metal  is  rendered  very  clean,  and  the 
above  mixture  moistened  with  water  rubbed  upon  its  surface.  In 
this  way  thermometer  scales  and  clock  dials  are  usually  silvered. 


SilTcriDg 
Ibr  dials. 
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Sifmb.  Au       E^v,  199.2 

1256.  Gold  occurs  in  nature  in  a  metallic  state,  alloyed  with  a 
little  silver  or  copper,  and  in  this  state  is  called  native  gold.  Its  co- 
lour is  various  shades  of  yellow  ;  its  forms  are  massive,  ramose,  and 
crystallized  in  cubes  and  octobedra.  Large  quantities  of  this  metal 
are  collected  in  alluvial  soils  and  in  the  beds  of  certain  rivers,  more 
especially  those  of  the  west  coast  of  Africa  and  Peru,  Brazil  and 
Mexico.  It  is  found  in  various  parts  of  Europe,  in  the  Uralian 
mountains,  and  in  North  America.! 

1257.  Gold  is  generally  separated  by  amalgamation  and  cupella- 
tion.  The  best  mode  is  by  fusing  the  gold  with  so  much  silver,  that 
the  former  may  constitute  one  fourth  of  the  mass ;  nitric  acid  will 
then  dissolve  all  the  silver  and  leave  the  gold.  This  process  is 
termed  qwirtation. 

1258.  Gold  may  be  obtained  pure  by  dissolving  standard  gold  in 
nitro-hydrochloric  acid.t  evaporating  the  solution  to  dryness,  re-dis- 
solving the  dry  mass  in  distilled  water,  filtering,  and  adding  to  it  a 
solution  of  sulphate  of  protoxide  of  iron  ;  a  black  powder  falls,  which, 
after  having  been  washed  with  dilute  hydrochloric  acid  and  distilled 
water,  affords  on  fusion  a  button  of  pure  gold. 

1259.  Gold  is  of  a  deep  yellow  colour.  It  melts  at  a  bright  red 
heat,  2016*^  Daniell,  and  when  in  fusion  appears  of  a  brilliant  green 
colour.  Its  specific  gravity  varies  a  little  according  to  the  mechanic 
cal  processes  which  it  has  undergone ;  but  it  may  be  stated  on  the 
average  at  19.257. 

1260.  Gold  is  so  malleable  that  it  may  be  extended  into  leaves 
which  ^o  not  exceed  tttottd  of  an  inch  in  thickness.  It  is  also  very 

*  The  standard  titver  of  Great  Britain  consists  of  1  \^  of  pure  silver,  and  2i  co|>- 
per.  A  poaad  iroy  therefore  is  composed  of  1 1  oz.  2  dwts.  pare  silver,  and  IS  dwts. 
of  copper,  and  it  is  coined  into  66  shflUngs.    B. 

The  Btandaid  silver  of  the  United  States  is  sach  that  of  1000  pans  br  weight,  900 
are  pure  and  100  alloy  j  the  alloy  bcin;  of  copper.  The  dollar  weighs  412|  gn.,  the 
dime  41|  grs. 

t  For  an  account  of  the  gold  mines  of  North  Carolina  see  Amer,  Jour,  of  Sci,  iv. 
6.  The  gold  received  at  the  United  States'  mint  from  N,  Carolina,  in  1836,  amounted 
to  148,100  doUars  in  value,  and  that  from  all  the  workings  in  United  States  to  467,000 
dollars. 

t  Composed  of  two  measures  hydrochloric  and  one  of  nitric  acid. 
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dnctile  and  considenbly  tenacious ;  for  a  wire  only  rihf  ottJi  inch  B<ct.vn« 
in  diameter  will  sustain  a  weight  of  160  lbs. 

1261.  It  shows  no  tendency  to  unite  to  oxygen  even  when  exposed  Effect  of 
to  its  action  in  a  state  of  fusion ;  but  if  an  electric  discharge  be  ®^^°^» 
passed  through  a  very  fine  wire  of  gold,  a  purple  powder  is  pro- 
duced, which  has  been  considered  as  an  oxide.    Chlorine  appears  to  Of  chlorine. 
be  the  active  agent  in  dissolving  gold. 

1262.  Protoxide  qf  Gold,  Au+0,  Au,  or  AuO,  199.2  1  eq.  gold  Protoxide. 
-^  8  1  eq.  oxy.  =  SN)7.2  equiv.,  is  obtained  by  the  action  of  a  cold 
solution  of  potassa  on  the  protochloride.    It  is  precipitated  of  a 

green  colour.  It  undergoes  spontaneous  change  into  metallic  gold 
and  teroxide.  The  purple  oxide  formed  by  the  combustion  of  gold 
is  supposed  to  be  the  hinoxide.* 

1263.  Teroxide  (f  Gold,  Au-f-30.  Au,  or  AuO',  199.2  1  eq.  gold.  Teroxide. 
4-  24  3  eq.  oxy.  =  223.2  equiv.,  the  only  well  known  oxide  of  gold, 

may  be  prepared  by  the  following  process  : 

^  DinolTe  1  part  of  gold  in  the  uiuaJ  way,  render  it  quite  neutral  by  evapora.  Proceas. 
tion,  and  rediasolve  in  12  parts  of  water :  to  the  solution  add  1  part  or  carbonate 
of  potana  diaaolTed  in  twice  ita  weight  of  water,  and  digest  at  aoout  170®.  Car- 
bonic acid  gradoally  escapes,  and  the  hydrated  teroxide  of  a  brownish-rod  colour 
flubsides.  After  being  well  washed  it  is  dissolved  in  colourless  nitric  acid  of  sp. 
gr.  1.4,  and  the  solution  decomposed  by  admixturo  with  water. 

The  hydrated  teroxide  is  thus  obtained  quite  pure,  and  is  rendered 
anhydrous  by  a  temperature  of  212^  F. 

1264  Teroxide  of  gold  is  yellow  in  the  state  of  hydrate,  and  Properties, 
nearly  black  when  anhydrous,  is  insoluble  in  water,  and  completely 
decomposed  by  solar  light  or  a  red  heat.  It  combines  with  alkaline 
bases,  such  as  potassa  and  baryta,  apparently  forming  regular  salts, 
in  which  it  acts  the  part  of  a  weak  acid.  This  property,  induced  j^q„|^ 
Pelletier  to  propose  for  it  the  name  of  auric  add,  its  compounds 
with  alkalies  being  called  auratesA 

1265.  When  recently  precipitated  teroxide  of  gold  is  kept  in  Action  of 
strong  ammonia  for  about  a  day,  a  detonating  compound  of  a  deep  AiameiuS' 
olive  colour  is  generated.     According  to  the  analysis  of  Dumas,  its 
elements  are  in  the  ratio  of  one  equivalent  of  gold,  two  of  nitrogen, 

six  of  hydrogen,  and  three  of  oxygen.  With  regard  to  the  mode  in 
which  these  elements  are  arranged,  different  opinions  may  be  formed* 
It  appears  most  simple  to  consider  it  as  a  diaurate  of  ammonia,  ex- 
pressed by  the  formula  2(3H-t-N)-f-AuO*.    t.  sst. 

1266.  The  compound  known  as  Fulminating  Chid,  is  similar  to  Fulmina- 
the  above,  and  is  obtained  by  digesting  terchloride  of  gold  with  an  ^^  ^'^' 
excess  of  ammonia. 

^  To  obtain  this  compound  add  a  solution  of  ammonia  in  water,  or  the  puro  pnoessfiir. 
liquid  ammonia,  to  the  diluted  chloride ;  a  pi ecipitate  will  appear,  which  will  be 
re-dissolved  if  too  much  alkali  be  used.  Let  the  liquor  be  filtered  and  wash  the 
sediment  which  romains  on  the  filter  with  several  portions  of  warm  water.  Dry 
it  by  exposuro  to  the  sir.  without  any  artificial  heat,  and  preserve  it  in  a  wide 
mouthed  bottle,  in  small  packets  or  paper,  closed,  not  with  a  glass  stopper,  but 
merely  by  a  cork. 

A  small  portion  of  this  powder,  less  than  a  grain  in  weight,  being 


qf  Chid.   Aq-HIO,ot  AuO>,  IM.91  eq.  gold-h  ISScq.  (ny.csSlS.S 
•qniv.  f  An.  d»  Ch,  tt  d»  Ph.  jw. 
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ChloridM. 


ride, 


0^'ty*  placed  on  the  point  of  a  knife  and  held  over  a  lamp,  detonates  vio- 
lently. The  precise  temperature  which  is  required  is  not  knowoi 
but  it  appears  to  be  about  290**  F.  At  the  moment  of  explosion,  a 
transient  flash  is  observed.  Two  or  three  grains,  exploded  on  a 
pretty  strong  sheet  of  copper,  will  force  a  hole  through  it.  Neither 
electricity  nor  a  spark  from  the  flint  and  steel  are  suflicient  to  occa« 
sion  its  detonation  ;  but  the  slightest  friction  explodes  it,  and  serious 
accidents  have  happened  from  this  cause. 

1267.  Chlorides  of  Chid.  The  tercbloride  is  obtained  in  ruby-red 
crystals  by  concentrating  the  solution  of  gold.  It  is  soluble  in  alco- 
hol and  ether,  the  latter  removing  it  from  the  aqueous  solution.  It 
loses  chlorine  at  about  400''  F.,  and  is  changed  into  a  mixture  of 
protochloride*  and  tercbloride,  soluble  in  water. 

1268.  Terchlaride  of  Gold,  Au-f  3C1,  or  AuCl',  199.2  1  eq.  gold 
-f-  106.26  3  eq.  chlor.  =  305.46  equiv.,  is  the  usual  and  most  con- 
venient form  of  obtaining  a  solution  of  gold.  On  adding  to  the  so- 
lution sulphate  of  protoxide  of  iron,  a  brown  precipitate  ensues, 
which  is  gold  in  very  fine  division,  and  the  solution  contains  tersul- 
phate  of  sesquioxide,  and  sesquichloride  of  iron.  The  action  is  such 
that  .      .^ 

6eq.  sulphate  of  protoxide  of  iton  6(F*4-8) 

and  1  «4*  tercbloride  of  gold Au-f-^Cl 

yield 

2eq.  tenulphateofeeiqaiozideofiron  2(Fe-|-3S) 

1  eq.  ■eaquichloride  of  iron       ....        SFe-f-3Cl 
and  1  eq.  gold An 

1269.  The  precipitate,  washed  with  dilute  hydrochloric  acid  to  se- 
parate adhering  iron,  is  gold  in  a  state  of  perfect  purity.  A  similar 
reduction  is  efiected  by  most  of  the  metals.  When  a  piece  of  char- 
coal is  immersed  in  a  solution  of  gold,  and  exposed  to  the  direct  aolar 
rays,  its  surface  acquires  a  coating  of  metallic  gold,  and  ribands  may 
be  gilded  by  moistening  them  with  a  dilute  solution  of  gold,  and  ex- 
posing them  to  A  current  of  hydrogen  or  phospburetted  hydrogen 
gas. 

1270.  When  a  strong  aqueous  solution  of  gold  is  shaken  in  a 

fihial  with  an  equal  volume  of  pure  ether,  two  fluids  result,  the 
ighter  of  which  is  an  ethereal  solution  of  gold.  From  this  liquid 
flakes  of  metal  are  deposited  on  standing,  especially  by  exposure  to 
light,  and  substances  moistened  with  it  receive  a  coating  of  metallic 
gold.t 

1271.  When  protochloride  of  tin  is  added  to  a  dilute  aqueous  so- 
lution of  gold,  a  purple-coloured  precipitate,  called  the  purpU  of 
CoMsius^  is  thrown  down ;  and  the  same  substance  may  be  prepared 
by  fusing  together  160  parts  of  silver,  20  of  gold,  and  35.1  of  tin» 
and  acting  on  the  alloy  with  nitric  acid,  which  dissolves  out  the  sil- 
ver and  leaves  a  purple  residue,  containing  the  tin  and  gold  which 
were  employed.  To  prevent  the  oxidation  of  the  tin  during  fusion, 
the  three  metals  should  be  projected  into  a  red-hot  black-lead  cruci- 
ble, which  contains  a  little  melted  borax. 


Fare  gold 
from. 


Ethereal 
eolotioo. 


Action  of 
tin. 


^PndoehlorideqfCMd.  AttK^l,  or  AaCl,  199.9  I  eq.  gold  -)-  3iA%  I  eq.  chlor.  » 
984.89  equiv. 

t  Smu  Beeav  on  Cwnhnitiwi  by  lUi  FoDiame,  and  am*'  bf  RamlM  in  the 
H0.  IViMs.  fer  ifSS. 
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1272.  When  the  powder  of  Cassias  is  fused  with  vitreoas  buI>  g»et*vi>> 
stances,  such  as  flint-glass,  or  a  mixture  of  sand  and  borax,  it  forms  Purple  of 
with  them  a  purple  enamel,  which  is  employed  in  giving  pink  co*  CA^^iv- 
lours  to  porcelain.    The  essential  cause  of  the  colour  is  probably  a  ^'^'* 
compouud  of  the  purple  or  supposed  bin<»ude  of  gold  with  earthy 
matters,  similar  to  the  enamel  formed  by  glass  and  oxide  of  silver.* 

1273.  Alloys  of  GMA    The  alloy  of  gold  and  iron  is  malleable  With  po. 
and  ductile,  and  harder  than  gold,  its  colour  dull  whitOi  and  its  spe*  Jj^^"^' 
cific  gravity  16.885.    The  metals  expand  by  union. 

1274.  With  zinc  the  compound  is  brittle  and  brass-coloured.  ^^^ 'u^®* 
Specific  grayity  16.937.    The  metals  contract  a  little  in  uniting. 

The  fumes  of  zinc  in  a  furnace  containing  fused  gold,  make  it 
brittle. 

1275.  Tin  forms  a  whitish  alloy,  brittle  when  thick,  but  flexible  in  With  tin. 
thin  pieces.     Specific  gravity  17.307.    There  is  considerable  con- 
traction.    The  old  cliemists  called  tin  diaiohu  metaUorum,  from  its 
property  of  rendering  gold  brittle,  but  Bingley's  experiments  quoted 

by  Hatchett,  show  that  ^  of  tin  does  not  render  gold  brittle. 

1276.  The  alloy  of  lead  is  very  brittle  when  that  metal  only  con-  With  leid. 
stitues  1V2V  ^^  ^^®  ^^W »  ^^®°  "^®  fumes  of  lead  destroy  the  duc- 
tility of  gold.    The  sp.  gravity  is  18.080 ;  and  1000  parts  become 

1005. 

1277.  With  copper  (standard  gold)  the  alloy  is  perfectly  ductile  With  eop- 
and  malleable,  but  harder  than  pure  gold,  and  resists  wear  better  ^^' 
than  any  other  alloy  except  that  with  silver.    Its  specific  gravity  is 
17.157.1 

1278.  Arsenic  and  antimony,  when  alloyed  in  very  small  pro- 
portions with  gold,  destroy  its  colour  and  render  it  quite  brittle. 

1279.  The  analysis  of  most  of  the  alloys  of  gold  is  performed  by  ^^l7>>*of 
cupellation.     The  triple  alloy  of  gold,  silver,  and  copper,  may  be  ^^'  ^ 
analyzed  by  digesting  it  in  nitric  acid,  which  takes  up  the  silver  and 
copper,  and  leaves  the  gold  in  the  form  of  a  black  powder,  which 

may  be  fused  into  a  button  and  weighed.  The  silver  may  be  thrown 
down  in  the  state  of  chloride  by  solution  of  common  salt,  and  the 
copper  precipitated  by  iron. 


*  lodidet  qf  Gold  are  foimed  by  the  action  of  iodide  of  potasaiam  on  the  tercblorida 
of  gold. 

ProUodide  qf  Gold.  Au+T,  or  Aul,  199.2  1  eq.  gold  +  126.3 1  eq.  iod.  r=  326.6 
equiv. 

Teriodide qf  Gold.  Au+3l,  or  AuP,  1992  1  eq.  gold  +  878.9  3  eq.  iod.  s=  67S.I 
equiv.* 

t  A  Tcr^r  cnrioas  aeriea  of  eiperimeots  upon  the  allovs  of  gold  has  been  published 
ia  the  Phd,  Trans,  for  1803,  by  Hatchett.    See  alao  Tnomson's  Inorg.  Chem.^'i  664. 

t  The  standard  gold  of  the  United  States  oootsiRS  in  1000  parts  by  weight  900  of 
pure  metal  and  100  alloy  composed  of  cupper  and  silver,  the  latter  not  exceeding  one 
half  of  the  whole  alloy.  The  legal  weight  of  the  American  eagle  is  268  grs  The 
lefcal  standard  of  the  British  sovereign  is  82  carats  =  916}  thousandths.  Forty 
pounds  Troy  are  made  into  1869  sovereigns,  the  weight  of  each  =  123.2744  grs.  The 
value  of  the  sovereign  in  gold  of  United  States,  should  be  4.866R.  Numerous  exami- 
Mtiobs  of  British  eold  at  the  U.  S.  mint  show  that  the  actual  quality  of  the  gold  does 
not  average  more  tnan  915^}  or  the  average  weight  more  than  122.88  grs.  The  exa- 
■unatioo  of  104,960  sovereigns  (the  Smithsonian  legacy)  *>  the  mint,  prodwcSd  an 

avsrage  of  4*84-i^  per  sovereign. 

*  8m  Johnston's  sxperiments  in  PHL  Mag.  «d  Jhuu  is.  266. 

Ttfniifiiarm  ^  <W.    AShH*^ «r  Aa0i,  tfll.t  1  sq  t^lS  ^  4S.S 3 4l|.  iiili«.  *ftCT.S^1AT. 
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Chap.  IV.       1280.  The  assay  of  ^old  is  more  complicated  than  that  of  silrer, 
Aisay.       in  consequence  of  the  high  attraction  which  it  has  for  copper,  and 
which  prevents  its  complete  separation  hy  mere  cupellation.    An  al- 
loy, therefore,  of  copper  with  gold,  is  combined  with  a  certain  quan- 
tity of  silver,  previous  to  cupellation ;  this  is  then  cupelled  with  lead 
in  the  uaual  way,  and  the  silver  is  afterwards  separated  by  the  ac- 
tion of  nitric  acid.* 
Wftttrgild-     1281.  Mercury  and  gold  combine  with  great  ease,  and  produce  a 
"V*  white  amalgam  much  used  in  gilding.     For  this  purpose  the  amal- 

Sam  is  applied  to  the  surface  of  the  silver;  the  mercury  is  then 
riven  off  by  heat,  and  the  gold  remains  adhering  to  the  silver,  and 
is  burnished.     This  process  is  called  toater  gilding. 

1282.  In  gilding  porcelain,  gold  powder  is  generally  employedt 
obtained  by  the  decomposition  of  the  chloride ;  it  is  applied  with  a 
pencil,  and  burnished  after  it  has  been  exposed  to  the  heat  of  the 
porcelain  furnace. 
Cwfttf.  1283.  The  degree  of  purity  of  gold  is  expressed  by  the  number  of 

parts  of  that  metal,  contained  in  the  24  parts  of  any  mixture.  Thus 
gold,  which  in  24  such  parts  (termed  carats,)  contains  22  of  the  pure 
metal  is  said  to  be  22  carats  fine.  Absolutely  pure  gold,  using  the 
same  language,  is  24  carats  fine  ;  and  gold  alloyed  with  an  equal 
weight  of  another  metal,  12  carats  fine.t 

PkUinttm. 

Symb,  Pt       Ejiti9,  SS.S 

Qg^  1284.  This  valuable  metal  occurs  in  Brazil,  Peru,  and  other  parts 

of  South  America  in  rounded  or  flattened  grains  mingled  with  seve- 
ral other  metals.  In  1826  it  was  discovered  by  Bousingault  in  a 
sienitjc  rock  in  the  province  of  Antioquia,  in  South  America,  and 
since  then  it  has  been  found  in  larger  quantity  in  the  Uralian  moun- 
tains.t 

Charaetan.  1285.  It  is  a  white  metal,  much  resembling  silver,  and  is  the  heaviest 
metal  known ;  a(\er  forging  its  density  being  about  21.25,  and  in  the 
state  of  wire  21.5.  It  is  malleable,  and  may  be  drawn  into  wire  the 
diameter  of  which  does  not  exceed  the  two  thousandth  part  of  an 
inch.  It  is  soft,  and  has  the  valuable  property  of  welding.  It  is  a 
less  perfect  conductor  of  heat  than  several  other  metals.^ 

1296.  It  is  unaltered  by  the  joint  action  of  heat  and  air ;  but 

Imlt^iid     ^™&1^  wires  of  it  are  fused  and  burn  in  the  Voltaic  circuit,  and  before 

■ir.  the  oxvhydrogen  blow-pipe.     No  pure  acids  attack  it.     Its  solvents 

are  chlorine,  or  solutions  that  supply  chlorine,  as  nitrohydrochloric 
acid. 

SboDgy  1287.  Spongy  platinum  has  been  discovered  by  Dobereiner  to  have 


juatunm. 


*The  real  quantity  of  gold  or  silver  taken  for  an  atsay  ia  rwj  small ;  from  18  to  36 
grains,  for  instance,  for  silrer,  and  from  6  to  12  for  gola }  whatever  the  quantity  may 
be  it  is  called  the  a»aaypoumL  The  silver  assay  poond  is  divided  into  12  ounces,  and 
each  ounce  into  20  pennyweights.  The  gold  assay  pound  is  subdivided  into  24  cants, 
and  each  carat  into  4  assay  grains.    Aiken's  Did.,  art.  iUtay. 

t  Many  cnrioua  iaru  relating  to  the  properties  of  gold,  and  its  uses  in  the  arts,  will 
be  found  m  Lewis's  PhiL  Com,  qfthe  ArU, 

t  Edin.  Jour,  qf  ScL,  v.  323. 

_f  For  many  important  datails  respeeting  platiiram,  ■••  WoUattra's  vnn  in  FW. 
7hm».,  1S2*, aiirBfuida<»  Mmmf^^Tim, 
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the  remarkable  property  of  causing  the  anion  of  oxygen  and  hydro-  Sacuvii. 
gen  gases  (387) ;  and  Dalong  and  Thenard  have  shown  that  the  same 
effect  takes  place,  though  in  a  lower  degree,  with  platinum  foil  and 
wire.* 

1286.  According  to  Faradayt  the  gases  must  be  pure  and  the  pla-  ^v^]^^*' 
tinum  free  from  foreign  matters,  pure  water  excepted,  which  is  ef-  uons. 
fected  by  fusing  pure  potassa  on  its  surface,  washing,  then  dipping 
the  platinum  in  hot  oil  of  yitriol,  and  again  washing  with  pure 
water. 

1289.  In  this  state  platinum  foil  acts  so  rapidly  at  common  tem-  Action  of. 
peratures  on  oxygen  and  hydrogen  gases  mixed  in  the  ratio  of  1  to 

2,  that  it  often  becomes  red-hot  and  kindles  the  mixture.  Handling 
the  platinum,  wiping  it  with  a  towel,  or  exposing  it  to  the  atmos- 
phere for  a  few  days,  suffices  to  soil  the  surface  of  the  metal,  and 
thereby  diminish  or  prevent  its  action. 

1290.  These  phenomena  are  supposed  to  result  from  the  concur- 1*1^mi7  of* 
ring  influence  of  two  forces,  the  self-repulsive  energy  of  similar 
gaseous  particles,  and  the  adhesive  attraction  exerted  between  them 

and  the  platinum.  Each  gas,  repulsive  to  itself  and  not  repelled  bv 
the  platinum,  comes  into  the  most  intimate  contact  with  that  metal, 
and  both  gases  are  so  condensed  upon  its  surface,  that  they  are 
brought  within  the  sphere  of  their  mutual  attraction  and  combine. 

1291.  Protoxide  of  Platinum,  Pt-fO,  Pt,  or  PtO,  98.8  1  eq.  plat  Protoiidc. 
-("  8  1  eq.  oxy.  =  106.8  equiv.,  is  prepared  by  digesting  protochlo- 

ride  of  platinum  in  a  solution  of  pure  potassa,  avoiding  a  large  ex- 
cess of  the  alkali,  since  it  dissolves  a  portion  of  the  oxide,  and 
thereby  acquires  a  green  colour.  In  this  state  it  is  a  hydrate  which 
loses  nrst  its  water  and  then  oxygen  when  heated,  and  dissolves 
slowly  in  acids,  yielding  solutions  of  a  brownish-green  tint. 

1292.  Biriozide  of  Platinum.  Pt+20,  Pt,  or  PlO",  98.8  1  eq. 
plat.  -|-  16  2  eq.  oxy.  =  114.8  equiv.  This  oxide  is  prepared  with 
difficulty.  Berzelius  recommends  that  it  should  be  prepared  by  ex- 
actly decomposing  sulphate  of  binoxide  of  platinum  with  nitrate  of 
baryta,  and  adding  pure  soda  to  the  filtered  solution,  so  as  to  precipi- 
tate about  half  of  the  oxide ;  since  otherwise,  a  sub-salt  would  sub- 
side. The  oxide  falls  in  the  form  of  a  bulky  hydrate,  of  a  yellowish- 
brown  colour ;  it  resembles  rust  of  iron  when  dry,  and  is  nearly 
black  when  rendered  anhydrous.^ 

1293.  Protoekloride  of  Platinum.    Pt-|-Cl,  or  PtCl,  98.8  1  eq.  Protochlo- 
plat  -I-  36.42  1  eq.  chlor.  =  13452  equiv.     When  the  bichloride  n^*- 

IS  heated  to  450^,  half  of  its  chlorine  is  expelled,  and  the  protochlo- 
ride  of  a  greenish-gray  colour  remains.  It  is  insoluble  in  water, 
sulphuric  acid,  and  nitric  acid  ;  but  hydrochloric  acid  partially  dis- 
solves it,  yielding  a  red  solution.  At  a  red-heat  its  chlorine  is  dri- 
ven off,  and  metallic  platinum  is  leA.  It  is  dissolved  by  a  solution 
of  the  bichloride. 

*  Ann.  de  OUm.  et  de  Phyt.,  zxiii.  and  zxiv.  t  PhiL  T^cma,  1834,  part  i. 

t  Suquioxide  of  Platinum.  2Pt-f  30,  or  Pt<0»,  197.6  S  eq.  plat.  +  24  3  eq  oxy.  a 
291.6  cquiT.  Tkui  oxide,  of  a  my  colonr,  is  prapared  accordms  to  its  discoTerar,  B. 
Dafy .  by  beatioff  folminatiiig  piatioum  with  nitrops  acid  {  bat  tbo  naton  of  the  cem- 
pouad  M  fimilia  baa  not  yet  been  deciatteiy  delemined.    PM.  TVsne.,  1S90. 


316 


Bioiodide. 


c>ip.iv.  1294«  BiMmde  of  Platinum.  Pt+2C1,  or  PiCP,  9a8  1  aq. 
Bichloride,  plat  -|-  70.84  2  eq.  chlor.  =  169.64  equiv.  This  chloride  is  ob* 
tained  by  evaporating  the  solation  of  platinam  in  nitro-hydrocbloric 
acid  to  dryness  at  a  very  gentle  heat,  when  it  remains  as  a  red  by*- 
drate,  which  becomes  brown  when  its  water  is  expelled.  It  is  deli- 
quescent, and  very  soluble  in  water,  alcohol,  and  ether ;  its  solution, 
if  free  from  the  chlorides  of  palladium  and  iridium,  being  of  a  pure 
yellow  colour.  Its  ethereal  solution  is  decomposed  by  light,  metal- 
lic platinum  being  deposited. 
^^2J^^  1295.  A  solution  of  platinum  is  recognized  by  the  following  cha- 
^^^^*  racters.  When  to  an  alcoholic  or  concentrated  aqueous  solution  of 
the  bichloride,  a  solution  of  chloride  of  potassium  is  added)  a  crys* 
talline  double  chloride  of  a  pale  yellow  colour  subsides,  which  is 
insoluble  in  alcohol,  and  sparingly  soluble  in  water ;  at  a  red  heat  it 
yields  chlorine  gas,  and  the  residue  consists  of  metallic  platinum  and 
chloride  of  potassium.  With  a  solution  of  hydrochlorate  of  ammo- 
nia a  simihir  yellow  salt  falls,  which  when  ignited  leaves  pore  pla- 
tinum in  the  form  of  a  delicate  spongy  mass,  the  power  of  which  in 
kindling  an  explosive  mixture  of  oxygen  and  hydrogen  gases  baa 
already  been  mentioned*  (1287). 

1296.  Biniodide  of  Platinum,  Pt+2I,  or  PtP,  9a8  1  eq.  plat,  -h 
252.6  2  eq.  iod.  =  351.4  equiv.,  prepared  by  the  action  of  iodide  of 
potassium  on  a  rather  dilute  solution  of  bichloride  of  platinum.  At 
first  the  liquid  acquires  an  orange-red  and  then  a  claret  colour, 
without  any  precipitation  ;  but  when  the  solution  is  boiled,  a  black 
precipitate  subsides,  which  should  be  washed  with  hot  water  and 
dried  at  a  heat  not  exceeding  212^.  This  biniodide  is  a  black  pow- 
der, sometimes  crystalline»  is  tasteless  and  inodorous,  insoluble  in 
water,  and  may  be  boiled  in  water  without  change.  By  alcohol  it  is 
sparingly  dissolved,  especially  when  heated.  Acids  act  feebly  upon 
it ;  but  It  is  decomposed  by  alkalies ;  and  begins  to  lose  iodine  at 
27(fA 

1297.  Protostdpkuret  of  Platinum,  Pl-fS,  or  PtS,  98.8  1  eq. 
plat.  -f~  ^6*1  I  cq*  sulph.  =  114.9  equiv.,  is  formed  by  heating  the 
aromoniacal  chloride  with  half  its  weight  of  sulphur,  until  all  the  sal 
ammoniac  and  excess  of  sulphur  are  expelled. 

1298.  Bindphuret  of  Platinum,  Pt4-2S,  or  PtS',  98.S  1  eq.  plat- 
4-  32.2  2  eq.  sulph.  =  131  equiv.,  is  formed  by  dropping  a  solution 
of  bichloride  of  platinum  into  a  solution  of  sulphuret  of  potassium,  or 
by  transmitting  hydrosulphuric  acid  gas  into  a  solution  of  the  double 
chloride  of  platinum  and  sodium.     It  should  be  dried  in  vacuo. 

1299.  Fulminating  platinum  may  be  prepared  by  the  action  of 
ammonia  in  slight  excess  on  a  solution  of  sulphate  of  protoxide  of 
platinum.  When  boiled  in  potassa,  washed  and  dried,  it  was  found 
by  E.  Davy  to  explode  at  about  420^  with  a  very  loud  report.^  One 
grain  laid  on  a  thin  sheet  of  copper  and  exploded  produces  a  report 


*  Protiodide  of  Platinum,  Pt-|-I,  or  PtI,  98.8  1  eq.  plat.  +  126  3  1  eq.  iod.  =225.1 
mqIt.,  propared  by  digestiog  the  protochloiide  of  platiBum  in  a  rather  strong  lobitioii 
or  iodide  or  notaisiuai,  when  tba  protiodide  gradaaUy  apposra  in  tho  form  a  black 
powder,  whiefi  is  inaolnble  in  water  and  alcohol.  It  la  unohanfed  by  the  tolphnria, 
nitric,  and  hydrochloiic  acids,  dceompoaad  by  the  alk^ies.  and  at  a  rid  haat  snea  oC 
its  iodint.  tilii.  dt  Ch.  ^dePh,,]L  lit.  i  FMI.  Tnm.,  ISir. 
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louder  than  that  of  a  pistol,  and  the  copper  is  deeply  indented.    It  is  Bft.  vil 
iocapable  of  being  exploded  by  peicussion. 

1300.  Paliadiumt  Bkodiitm^  Ogmmm,  and  IridiunL    These  metals  Associated 
are  found  associated  in  the  ore  of  platinum,  and  have  been  procured  °'^^^'* 
bat  in  small  quantity, 

1301.  PaUadium,  Pd,  53.3  eq.,  was  discovered  by  Wollaston;  it  P&ll«<linm, 
resembles  platinum  in  colour  and  lustre;  it  is  ductile  and  malleable ; 

its  sp.  gr.  is  11.3  to  118. 

1302.  In  fusibility  it  is  iotermediate  between  gold  and  platinum.  Properties, 
and  is  dissipated  in  sparks  when  intensely  heated  by  the  oxyhydro'- 

gen  blow-pipe.  At  a  red  heat  in  oxygen  gas,  its  surface  acquires  a 
fine  blue  colour,  owing  to  superficial  oxidation  ;  but  the  increase  of 
weight  is  so  slight  as  not  to  be  appreciated. 

1303.  Palladium  is  oxidized  and  dissolved  by  nitric  acid,  and  even  Aodoa  of 
the  sulphuric  and  hydrochloric  acids  act  upon  it  by  the  aid  of  heat;  *^^'' 
but  its  proper  solvent  is  nitro-hydrocfaloric  acid.  Its  protoxide  forms 
beautiful  red-coloured  salts,  from  which  metallic  palladium  is  preci- 
pitated by  sulphate  of  protoxide  of  iron,  and  by  all  the  metals  de- 
scribed in  the  foregoing  sections,  excepting  silver,  gold,  and  pla- 
tinum. 

1304.  Bhodkim,  R,  52.2  eq.,  was  discovered  by  Wollaston  at  the  Rhodiam 
time  he  was  occupied  with  the  discovery  of  palladium.  He  obtained  ®^^"^°^» 
it  in  the  form  of  a  black  powder,  which  requires  the  strongest  heat 

that  can  be  produced  in  a  wind  furnace  for  fusion,  and  when  fused 
has  a  white  colour  and  metallic  lustre. 

1305*  It  is  brittle,  is  extremely  hard,  and  has  a  specific  gravity  of  Properties, 
about  11.  It  attracts  oxygen  at  a  red  heat,  a  mixture  of  peroxide 
and  protoxide  being  formed.  It  is  not  attacked  by  any  of  the  acids 
when  in  its  pure  state ,  but  if  alloyed  with  other  metals,  such  as 
copper  or  lead,  it  is  dissolved  by  nitro-hydrochloric  acid,  a  circum- 
stance which  accounts  for  its  presence  in  the  solution  of  crude  pla- 
tinum. 

1306.  It  is  oxidized  by  being  ignited  either  with  nitre,  or  bisul-  Oxidixed. 
phate  of  potassa.     When  heated  with  the  latter,  sulphurous  acid  gas 

is  evolved,  and  a  double  sulphate  of  peroxide  of  rhodium  and  potassa 
is  generated,  which  dissolves  readily  in  hot  water,  and  yields  a  yel- 
low solution.  The  presence  of  rhodium  in  platinum,  iridium,  and 
osmium  may  thus  be  detected,  and  by  repeated  fusion  a  perfect  se- 
paration be  accomplished.^  Most  of  its  salts  are  either  red  or 
yellow. 

1307.  Osmium  and  Iridium.    Os,  99.7  eq.    These  metals  were  Osmivm 
discovered  by  Tennant  in  the  year  1803,t  and  the  discovery  of  iridi-  JjJ/"***' 
um  was  made  about  the  same  time  by  Descotils  in  France.     Wol- 
laston detected  them  as  an  alloy  in  the  black  powder  accompanying 

the  ore  of  platinum.  Osmium  acquires  a  metallic  lustre  by  friction  ; 
its  sp.  gr.  is  7  to  10.  It  takes  fire  when  heated  in  the  open  air,  and 
is  readily  oxidized  and  dissolved  by  fuming  nitric  acid. 

1308.  The  highest  stage  of  oxidation  of  Os.  is  the  volatile  compound  Osmicadd. 
Otmtc  Acid,  08-f-40,  or  OsO*,  99.7  1  eq.  osmium  +  32  4  eq.  oxy. 

ss  131.7  equiv.,  which  is  the  product  of  the  oxidation  of  osmium  by 

*  fierxeUoi.  t  PhU.  TVwit.  t804. 
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<**P-  ^'  acids,  by  combastioo,  or  by  fusion  with  nitre  or  alkalies.  Its  Tapour 
is  very  acrid,  exciting  cough,  irritating  the  eyes,  and  producing  a 
copious  flow  of  saliva ;  its  odour  is  disagreeable  and  pungent,  some- 
what like  that  of  chlorine,  hence  the  name  osmium  from  oa/iri^  odour. 
With  infusion  of  gall  nuts  it  gives  a  purple  solution,  which  after- 
wards acquires  a  deep  blue  tint,  a  delicate  test  of  the  acid. 

1309.  Iridium  is  a  brittle  metal,  apt  to  fall  to  powder  when  burnished, 
but  with  care  may  be  polished  and  then  resembles  platinum.  It  is 
the  most  infusible  of  all  metals ;  sp.  gr.  15.8629  ;  equiv.  96.8.  It 
forms  with  oxygen  4  oxides,  and  with  chlorine  4  chlorides. 

1310.|These  metals  combine  with  oxygen,  chlorine,  and  sulphur, 
for  an  account  of  the  compounds  the  student  is  referred  to  Turner's 
Elementif  and  Brande's  Maraud, 

1311.  Jjaamwrn,  In  submitting  the  cerite  of  Bastnaes  to  exami- 
nation Mosander  has  very  recently  obtained  this  new  metal,  and 
which  was  named  from  its  being,  as  it  were,  hidden  by  the  cerium. 
It  was  prepared  by  calcining  the  nitrate  of  cerium  mixed  with  nitrate 
of  latanium.  The  oxide  of  cerium  loses  its  solubility  in  weak  acids ; 
and  the  oxide  of  latanium,  which  is  a  very  strong  base,  may  be  sepa- 
rated by  nitric  acid,  mixed  with  100  parts  of  water. 

1312.  The  oxide  is  of  a  brick-red  colour,  owing  to  the  presence  of 
oxide  of  cerium ;  it  is  converted  by  hot  water  into  a  white  hydrate 
which  restores  the  blue  colour  of  litmus  paper ;  it  is  rapidly  dis- 
solved bv  dilute  acids,  and  when  used  in  excess  is  converted  into 
a  sub- salt. 

1313.  Its  salts  have  an  astringent  taste,  without  any  mixture  of 
sweetness ;  and  the  crystak  are  of  a  rose-red  colour.  The  atomic 
weight  of  latanium  is  smaller  than  that  of  cerium.* 
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CHAPTER  V. 

Section  1.     Salts. 

IjmlicatioD     1314.  The  term  salt  has  been  applied  to  a  very  extensive  range  of 

oftAfl  term  compounds,  where  acids  are  combined  with  oxides,  or  other  com- 

*  pounds  having  similsr  properties.    The  oxide  or  other  substance 

united  with  the  acid  is  called  a  base  or  salifiable  base.    Each  acid, 

with  few  exceptions,  is  capable  of  uniting  with  every  alkaline  base, 

and  frequently  in  two  or  more  proportions. 
Oidtrt.  1315.  The  class  of  salts  has  been  divided  into  four  orders  (330), 

and  many  of  their  characters  have  been  already  described.! 


Qxymlti, 
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Order  1st.    OxysaUs. 

1316.  Of  the  common  salts,  a  large  proportion  contain  oxygen 
both  in  the  acid  and  in  the  base,  thus  in  the  phosphate  of  soda  it  is 
associated  with  phosphorus  in  the  phosphoric  acid,  and  with  sodium 
in  the  soda,  and  hence  such  are  termed  oxysalts. 


*  Lund,  and  Edin,  PhiL  Mag,,  May,  1S39. 

t  Grabam  hat  been  led  t(»  the  eooclntion  that  aU  nits  are  neatrai  in  their  ooostitii- 
tioo,  with  the  exoeption  of  eertaia  dasaea.    Sea  Toner,  408.    Thomaoa  has 
tba aalte iaia aiaa elaeaae.    SmChfm,^f  hurg,BoSm^^9t^ik.tt%, 
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1317.  Those  salts  which  consist  of  the  same  acid  united  with  dif«    a^<.i« 
ferent  salifiable  bases,  possess  certain  characters  in  common,  and 

may  be  considered  as  constitating  one  family. 

The  combination  of  salts  with  one  another  gives  rise  to  compounds  Double 
which  were'  formerly  called  triple  salts ;  but  the  term  double  salt,  *^^* 
proposed  by  Berzelius,  gives  a  more  correct  idea  of  their  nature  and 
constitution*  These  salts  may  be  composed  of  one  4icid  and  two 
bases,  of  two  acids  and  one  base,  and  of  two  different  acids  and  t,wo 
different  bases.  Most  of  the  double  salts  hitherto  examined  consist 
of  the  same  acid  and  two  different  bases. 

1318.  All  the  powerful  alkaline  bases,  excepting  ammonia,  are  the 
protoxides  of  an  electro-positive  metal,  such  as  potassium,  barium 
or  iron ;  so  that  if  M  represent  an  eq.  of  any  one  of  those  metals 
H-|-0,  or  MO  is  the  strongest  alkaline  base,  and  often  tbe  only  one 
which  that  metal  can  form.  A  single  eq.  of  acid  neutralizes  MO, 
forming  with  it  a  neutral  salt.  Thus,  indicating  an  equivalent  of 
sulphuric  and  nitric  acid  by  the  signs  SO"  and  NO",  all  the  neutral 
sulphates  and  nitrates  of  protoxides  are  indicated  by  MO-f-SO'  and 
MO-f-NO^  There  is,  therefore,  in  the  neutral  protosalts  of  each  fa-  Remarks- 
mily,  a  constant  ratio  in  the  oxygen  of  the  base  and  acid,  resulting  ble  law. 
from  the  composition  of  each  acid,  that  ratio  for  sulphates  being  as 

1  to  3,  and  for  nitrates  as  1  to  6.     If  the  metal  M  of  a  neutral  sul- 

Shate  pass  into  a  higher  grade  of  oxidation,  becoming  a  binoxide 
lOS  then  will  that  binoxide  be  disposed  to  unite  with  two  eq.  of 
acid,  and  form  a  bisalt,  M0'-|-2S0',  in  which  the  oxygen  of  the 
base  and  acid  is  still  as  I  to  3 ;  and  if  the  metal  yield  a  sesquioxide, 
M^O',  then,  if  sufficient  acid  be  supplied,  the  resulting  salt  will  con- 
sist of  M'O'+SSO',  the  ratio  of  1  to  3  being  preserved.* 

StdphaUi. 

1319.  The  acid  of  the  sulphates  is  readily  detected  by  chloride  of  soiphates 
barium  (551).  An  insoluble  sulphate  may  be  detected  by  mixing  it,  deteete  d 
in  fine  powder,  with  three  times  its  weight  of  carbonate  of  potassa 

or  soda,  and  exposing  the  mixture  to  a  red  heat  for  half  an  hour,  in 
a  platinum  crucible.  Double  decomposition  ensues ;  and  on  digest- 
ing the  residue  in  water,  filtering  the  solution,  neutralizing  the  free 
alkali  by  pure  hydrochloric,  nitric,  or  acetic  acid,  and  adding  chlo- 
ride of  barium,  the  insoluble  sulphate  of  that  base  is  precipitated. 

1320.  Many  sulphates  exist  in  nature,  and  those  of  lime  and  ba*  Natural, 
lyta  are  the  most  abundant     They  may  all  be  formed  by  the  action  j^j^^^ 
of  sulphuric  acid  on  the  metals,  their  oxides  or  their  carbonates,  or  ' 
by  double  decomposition.     They  vary  in  solubility  in  water ;  most  Solnlnlity, 
of  them  are  decomposed  by  a  white  heat  with  the  escape  of  one  part 

of  the  sulphuric  acid,  while  the  other  part  is  resolved  into  sulphurous 
acid  and  oxygen.     They  are  decomposed  by  carbonaceous  mat- ^J"""^*** 
ter  with  the  aid  of  heat,  carbonic  acid  being  formed  and  a  sulphuret 
of  the  metal. 

1321.  The  composition  of  neutral  protosulphates  is  expressed  by  Oompon- 
the  formula  MO-fSO*;  the  acid  containing  three  times  as  much  {jjy^^j^^"' 

'  — __.,.«_ .  phaijgjjj. 

*  This  corioot  law  relative  to  oi^r^salts,  which  is  very  geiMral,  was  fint  noticed  by  pressed. 
Gay  Lossao  {Mem,  tPArcueilf  ii.),  and  Berzelios  has  found  it  to  hold  in  earthy  mine- 
rals, sad  employed  it  as  a  sude  in  tundjmg  their  composition.  T. 
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obay.  ▼.  oxfgBfk  fts  the  bate;  and  if  both  were  deprived  of  k  a  metallic  pro- 

tosulphnret  would  result,  M-f-S.* 
Sdphaieof     1322.  Sulphate  of  P^asBo.    KO+SCP,  47.15  I  eq.  base  +  40*1 
potaita,      1  eq.  acid  =  87.25  eouiv.     The  sal  de  dudnu  of  the  old  chemists, 
potas8€B  ndpkas  of  the  Pharmacop.    This  salt  is  the  lesuft  of  several 
chemical  operations  in  the  arts ;  and  is  procured  abondantly  by  neu* 
traiizing  with  carbonate  of  potassa  the  residue  of  the  operation  for 
prqpsring  nitric  acid  (471). 
Properties,      1323.  its  taste  is  saline  and  bitter.     Its  crystals  belong  to  the 
right  prismatic  system ;  they  are  unchanged  by  eKposiire  to  the  air, 
but  decrepitate  when  heated.     Soluble  in  sixteen  times  their  weight 
of  water  at  60^,  and  five  of  boiling  water. 
Effect  of         1324.  Intensely  heated  with  one  fifth  its  weight  of  powdered  char- 
heat  aod     coal,  it  produces  sulphnret  of  potassium. 

°'  About  two  parti  of  eulphate  of  potaaea  and  one  of  lampblack  intimately  mixed 

in  fine  powder,  heated  to  redneae  in  a  coated  phial,  with  great  oare  to  exclude 
the  air  during  cooling,  afford  a  compound  which  taJcea  fire  on  expoaure  to  the 
air.  it  appears  to  contain  a  compound  of  potassium  which  powerfully  attracta 
oxygen,  and  thus  excites  heat  enough  to  inflame  the  charcoal  and  sulphur.  Qnj 
Lussac  attributes  the  combustibility  of  common  pyrophorua  to  this  compound. 

BisQlphate      1325.  Bisulphate  of  Potassa.    K04-2SO',  eq.  127.35 ;    with  1 

formed  *** 

'      eq.  water  136.35.     This  salt  is  formed  by  adding  S  to  a  hot  so- 

lution  of  KO-f^SO",  or  by  boiling  it  with  half  its  weight  of  S  in  a 
platinum  crucible,  till  none  of  the  acid  escapes  when  the  heat  ap- 
proaches redness.  It  is  obtained  in  crystals  from  a  concentrated 
solution  at  high  temperatures,  as  in  the  cold  the  neutral  sulphate  is 
formed.  The  form  is  a  right  rhombic  prism,  generally  tabular.  Ac- 
cording to  Graham  they  contain  1  eq.  water  (basic),  the  bisulphate 
being  a  double  sulphate  of  water  and  potassa. 

Properties.  1326.  It  has  a  sour  taste,  and  is  more  soluble  than  the  neutral 
•ulphate,  requiring  only  twice  its  weight  of  water  at  60^,  and  less 
than  an  equal  weight  at  212^. 

Oldnamea.  ^327.  It  is  formed  in  the  process  for  nitric  acid  (471),  and  is 
called  iol  enixum — ^formerly  arcanum  duplicatvm  and  paruuxa  Hot" 
satica.    It  is  used  for  cleaning  coin  and  other  works  in  metal. 

Sulphate  of     ^328.  Sulphate  of  Soda^  Glauber's  Salt.    NaO+SO*,  31.3  1  eq. 

aoda.  base  -|-  40.1 1  eq.  acid  =  71.4  equiv. ;  in  crystals  with  10  eq.  water, 
161.4  eq.  This  salt  occurs  in  the  earth  and  in  the  waters  of  certain 
springs.  It  may  be  obtained  by  saturating  sulphuric  acid  with  carbo- 
nate of  soda.  Large  quantities  are  obtained  as  the  residuum  in  the 
processes  for  hydrochloric  acid  and  chlorine  (610,  629). 

Piapffiiss.  1329.  Its  crystals  belong  to  the  right  prismatic  system,  containing 
ten  eq.  of  water,  which  is  lost  by  efflorescence  on  exposure  to  the 
air ;  by  heat  they  undergo  the  watery  fusion.  The  taste  is  bitter, 
cooling,  and  saline.  100  parts  of  water  at  32°  dissolve  12  parts  of 
the  crystals ;  at  64.5°  48  parts ;  at  77°  100  parU ;  at  91.5°  322 
parts. 

Omm  oTrai.         *  In  accordance  with  the  views  of  Oraham  (i22),  the  sulphates  may  be  divided  into 
~^'!^JS!5^  three  classes :  1st,  aohydrous  sulphates  without  theeq.  of  constitutioDal  water }  2d, 

those  i 

theeq. 

T. 
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1330.  Solphate  of  soda  is  sometimes  decomposed  for  the  purpose    »ct.  i. 
of  obtaming  soda*  by  igniting  it  frith  chalk  and  charcoal*     Its  Uiet. 
principal  use  is  in  pharmacy  and  in  the  manufacture  of  glass. 

1331.  Sulphaie  of  LUhia.    LO+SCP,  1444  1  eq.  base  +  40.1  1  Soiphmte  of 
eq.  acid  =  54.54  eq.  in  crystals  with  9  1  eq.  water.    This  salt  is  ^^^> 
very  soluble  in  water,  fuses  by  heat  more  readily  than  the  sulphates 

of  the  other  alkalies,  and  crystallizes  in  flat  prisms  resembling  sul- 
phate of  soda,  but  not  efflorescent.    Taste  saline. 

1332.  Sulphate  of  Oxide  rf  Ammomum^^Sidphaie  of  Ammonia.  Of  ammo- 
H'NO+SOS  26.15  1  eq.  base  +  40.1  1  eq.  acid  =  66.25  eq.,  in''"^ 
crystals  with  9  or  1  eq.  water  =  75.25,    It  is  obtained  by  neutral- 
izing sulphuric  acid  with  carbonate  of  ammonia ;  or  by  decomposing 
hydrochlorate  of  ammonia  by  sulphuric  acid. 

1383.  It  is  important  as  a  source  of  the  hydrochlorate  of  ammonia  use. 
which  is  obtained  from  a  mixture  of  common  salt  and  sulphate  of 
ammonia  by  sublimalion ;  by  this  process  sulphate  of  soda  is  also 
forroed.t    h  is  contained  in  the  soot  from  coal. 

1334.  It  crystallizes  in  long  flattened  six  sided  prisms ;  dissolves  piopeniM. 
in  two  parts  of  water  at  60^,  and  in  an  equal  weight  of  boilipg  water. 

In  a  warm  dry  air  it  effloresces,  losing  1  eq.  of  water.  Sharply 
heated  it  fuses  and  is  decomposed,  yielding  nitrogen  gas,  water,  and 
eulphate  of  oxide  of  ammonium. 

1335.  Native  Sulphate  of  Ammonia  is  sometimes  found  in  volcanic  Natire. 
countries ;  it  has  been  procured  from  fissures  in  the  earth  near  cer- 
tain small  lakes  in  Tuscany,  and  is  known  by  the  name  of  Maeoag* 

1336.  Sulphate  of  Baryta—heavy  spar.    BaO-f  SO*,  76.7  1  eq.  Sulphite  of 
base  +  46.1  1  eq.  acid  =  116.8  eq.     This  is  an  abundant  natural  ^^nrt^. 
product,  insoluble  in  hot  and  cold  water,  and  precipitated  when  sul- 
phuric acid  or  any  soluble  sulphate  is  added  to  any  soluble  salt  of 

baryta  (551).     So  extremely  delicate  is  baryta  as  a  test  of  sulphuric 

acid,  that  it  shows  the  presence  of  1  part  of  sulphate  of  soda  in  ^  *'  * 

400.000  of  water.^ 

1337.  Heavy  spar  occurs  associated  with  metallic  ores,  especially  Occurs  in 
those  of  lead,  massive  and  crystallized.     The  form  of  the  crystals  is  '^*^*' 
variable,  being  sometimes  prismatic  and  sometimes  tsbular,  deducible 

from  a  right  rhombic  prism.  Its  density  is  about  44.  It  is  easily 
formed  by  double  decomposition. 

1338.  When  native  sulphate  of  baryta  is  heated  it  decrepitates,  Bologra 
and,  at  a  high  temperature,  fuses  into  an  opaque  white  enamel ;  it  pluMpho- 
was  employed  in  the  manufacture  of  jasper  toare^  by  Wedgwood*  '^^ 
When  heated  to  redness,  it  acquires  the  property  of  phosphores- 
cence.     This  was  first  ascertained  by   Vincenzo  Cascariolo,  of 
Bologna,  whence  the  term  Bologna  phosphorus  is  applied  to  it  11 


*Fot  a  full  WKoanX  of  the  prooetsesfor  deoompoiiag  this  mU  mu  Aiken's  Did.  art. 
JAo*.  Soday  and  Brande't  Hemual,  i.  426. 

t  In  the  arts  it  is  obtained  by  treating  sulphate  of  lime  with  the  carbonate  of  ammo- 
nia procured  from  animal  matter  by  dtstiltatioo. 

X  From  the  name  of  itsdUcoverer. 

S  Solphale  of  baryta  is  sometimes  very  obstinate  in  svbsidiii^  fiom  water,  and  will 
not  only  long  remain  snspended|  bat  even  pass  through  filtenag  paper ;  heat  and  a 
little  excess  of  acid  generally  faoiUtate  its  deposition.    B. 

II  To  prepare  this  snbstanoe  the  native  sulphate,  powdered  after  being  ignited,  is  to 
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Chap.  v»  This  kind  of  phosphoras,  after  being  exposed  for  a  few  minutes  to 
the  sun's  rays,  shines  in  the  dark  sufficiently  to  render  visible  the 
dial  of  a  watch.  Thi?  property  is  lost  by  repeated  use,  in  conse- 
quence of  the  oxygenation  of  the  sulphur ;  but  it  may  be  restored  by 
a  second  calcination.* 

1339.  As  the  native  sulphate  is  a  common  and  abundant  com- 
Methodt  of  pound,  several  processes  have  been  contrived  for  obtaining  from  it 
^^'^KPi  pure  baryta. 

pure  bwyta  *  •'  • 

from  iMUTe  This  may  be  effected  by  reductnir  the  ctystallized  salpbate  to  a  fine  powder, 
sulphate,  and  heating  it  red-hot  for  half  an  hour  in  a  silTsr  crucible  with  three  parts  of 
carbonate  of  potaaaa,  the  fused  mass  is  then  boiled  repeatedly  in  water,  till  it  no 
longer  affords  anything  soluble  in  that  liquid ;  the  insoluble  residue,  consistinji 
chiefly  of  carbonate  of  baryta,  may  be  digested  in  dilute  nitric  acid,  by  which  ni- 
trate of  baryta  is  formed,  and  which  will  jield  the  pure  earth  bj  exposure  to  heaL 
Henry's  The  following  method  has  been  recommended  by  Henry.    The  sulphate  of 

pnwess.  baryta  is  to  be  finely  powdered,  mixed  with  three  or  four  times  its  weight  of  car- 
bonate of  potassa,  and  boiled  with  a  proper  quantity  of  water  for  a  considerable 
time,  in  an  iron  kettle,  stirring  it,  and  breaking  down  the  hard  lumps,  into  which 
it  is  apt  to  run,  by  an  iron  pMtle.  it  is  then  to  be  wsshed  with  hoiling  water, 
as  long  as  this  acquires  any  taste.  On  the  addition  of  ditute  hydrochloric  acid,  a 
violent  effervescence  will  ensue,  and  a  considerable  portion  of  the  earth,  probably 
along  witb  some  metals,  will  be  dissolved.  To  the  saturated  solution,  add  solu- 
tion of  pure  baryta  in  water,  as  long  ss  it  disturbs  the  transparency  of  the  liquor. 
This  wiU  throw  down  any  metals  that  may  be  present;  and  the  excess  of  baryta 
may  afterwards  be  precipitated  in  the  state  of  a  carbonate  by  a  stream  of  caibonic 
acid.  Decompose  the  hydrochloric  solution  by  any  alkaline  carbonate ',  let  the 
precipitated  earth  be  well  washed  with  distilled  water ;  and  if  the  pure  baryta  is 
to  be  obtained  fW>m  it,  let  it  be  treated  as  directed  page  238. 
AiHHhfr.  Another  method  connsts  in  exposing  to  a  red  neat,  in  an  earthen  cnicible,  a 

mixture  of  six  parts  of  finely  powaered  sulphate  of  baryta,  with  one  of  powdered 
charooai,  for  half  an  hour.  This  converts  the  sulphate  into  sulphuret  which  is 
to  be  dissolved  in  hot  water,  the  solution  filtered  and  mixed  with  solution  of  car- 
bonate of  soda  as  long  as  it  occasions  a  precipitate,  which  when  wuhed  and 
dried,  is  carbonate  of  baryta.  Or,  by  adding  hydrochloric  acid  to  the  liauid  sal- 
phuret,  sulphur  is  thrown  down,  hydrosulphuric  acid  cas  evolved,  ana  hydro 
chlorate  of  oaryta  formed,  which  may  be  filtered  off,  and  if  reauired,  decomposed 
by  carbonate  of  potassa.  Or  the  sufphiiret.  as  it  comes  out  or  the  crucible,  may 
be  thrown  ipio  JUmte  nitric  acid,  by  which  hydraoulphuric  acid  gas  is  evotvea, 
and  a  nitr^  of  baryta  formed,  which  may  be  separated  from  the  remaining  im- 
purities by  popious  washings  with  hot  water. 

*|5^^*f  1340.  Sulphate  of  StroiUia.  SrO+SO*,  61.8  I  ea.  base  +  40.1 
1  eq.  acid  =  91.9  equiv.  This  salt  occurs  native.  It  is  nearly  in* 
soluUe,  1  part  requiring  fot  solution  4000  parts  of  cold,  and  3840  of 
hot  water.  Heated  with  charcoal,  its  acid  is  decomposed  and  sul- 
phuret of  strontium  is  formed,  which  affords  nitrate  of  strontia  bv 
the  action  of  nitric  acid.  This  process,  equally  practicable  upon  sul- 
phate of  baryta  (884),  is  adopted  to  obtain  strontia. 

Nauve.  1341.  Native  Sulphate  of  Strontia  is  sometimes  of  a  blue  tint,  and 

has  hence  been  called  edegtine.  Sometimes  it  is  colourless  and 
transparent.    It  occurs  of  great  beauty  in  Sicily  associated  with  tul- 

be  formed  into  a  paste  with  mndla^  of  gum  arabio,  and  divided  into  eylinders  or 

C'eces  of  one  fourth  of  an  inch  in  thickness.  Tbeee^  after  beug  dried  in  a  moderate 
sat,  are  to  be  exposed  to  the  tempeiatnre  of  a  wind  fiinace,  placed  in  the  midst  ef  the 
charcoal.  When  the  fuel  is  half  consumed,  it  must  be  replenished,  and  suffered  to 
bnra  out  The  pieces  will  be  found,  retaining  their  original  shapes,  among  the  ashes, 
from  which  they  may  be  separated  by  the  blast  of  a  pair  of  bellows.  They  must  be 
preserted  in  a  well-stopped  phial.    U.  l.  684. 

*  The  artificial  soli^te  of  baryta  is  used  as  a  pigment,  under  the  name  of  perm^ 
nent  vMU,    It  is  very  osefol  for  marking  phials  mm  jars  in  the  laboratory. 
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Kir,  in  anhydrous  prismatic  crystals.    Magnificent  crystals  have    8eet.i. 
n  met  with  on  Strontian  Island  in  Lake  Erie.* 

1342.  Suiphate  of  Lime.     GaO+SO",  28.5  1  eq.  base  +  40.1  Solphate  of 
1  eq.  acid  =  68.6  eq; ;  as  gypaum  with  18  or  2  eq.  of  water  =  86.6.  ^n>«i 
This  salt  is  easily  formed  by  mixing  in  solution  a  salt  of  lime  with 

any  soluble  sulphate  (61,  exp>  2).    It  occurs  abundantly  as  a  natural 

{production.    The  mineral  called  anhydrite  is  anhydrous  sulphate  of  Anhydrite, 
ime,  and  all  the  varieties  of  gypsum  are  composed  of  the  same  salt  Gypeom. 
united  with  water.     The  pure  crystallized  specimens  are  called  sele* 
nUe^  and  the  white  compact  variety  is  known  as  alabaster.  Alabuter, 

1343.  The  crystals  of  anhydrite  belong  to  the  right  prismatic  sys-  Crystalline 
tem,  and  are  isomorphous  with  the  sulphates  of  baryta  and  strontia,  fo>™*i^- 
while  the  forms  of  gypsum  are  oblique  prismatic.    They  contain  2 

eq.  water,  one  only  of  which  is  considered  by  Graham  to  be  water  of 

crystallization,  the  other  being  constitutional.    The  former  is  readily 

lost  by  exposing  pounded  gypsum  to  a  temperature  of  212*^  in  vacuo^ 

and  the  whole  water  is  expelled  by  a  temperature  below  300°.  Thus 

dried,  it  constitutes  the  well  known  plaster  of  Paris,  which,  when  mixed  piaster  of 

with  a  proper  proportion  of  water,  rapidly  becomes  dry  and  solid,  Pvis. 

owing  to  the  reproduction  of  gypsum.t 

1344.  Nearly  all  spring  and  river  waters  contain  this  salt,  and  in  Cooiained 

those  waters  which  are  termed  hard  it  is  abundant.    It  gives  them  a '°  ^^^'' 

slightly  nauseous  taste. 

Poar  a  quantitT  of  hard  water  into  two  glasses,  solution  of  baryta  dropped  into  £xp. 
one  will  dfetect  the  sulphuric  acid,  and  a  solution  of  oxalic  acid  dropped  into  the 
other,  will  deteet  the  lime. 

1345.  Sulphate  of  linie  has  hardly  any  taste.  It  is  more  soluble  Solability. 
than  sulphate  of  baryta  or  strontia,  requiring  for  solution  about  600 

parts  of  cold,  and  450  of  boiling  water. 

r!^1346.    Sulphate  of  Magnesia^Epsom   Salt.     MgO+SO^HO,  Emc 
20.7  1  eq.  base  +  40.1  1  eq.  acid  +  9  aq.  1  eq.  =  69.8 ;  in  crys-  ■*»». 
tals  with  54  6  eq.  water  =  123.8  eq.    This  salt  is  usually  obtained  Hq^  g^. 
from  sea-water,  the  residue  of  which,  after  the  separation  of  common  tained. 
salt,  is  known  by  the  name  of  bittern^  and  contains  sulphate  and  hy- 
drochlorate  of  magnesia ;  the  latter  is  decomposed  by  sulphuric  acid  ; 
a  portion  of  the  hydrochlorate  often  remains  in  the  sulphate  and  renders 
it  deliquescent :  it  is  also  occasionally  obtained  from  saline  springs  ; 
and  sometimes  by  the  action  of  sulphuric  acid  on  magnesian  lime- 
stone.   It  was  procured  from  the  springs  of  Epsom,  in  England, 
and  hence  called  Epsom  salt.    It  has  been  found  native,  constituting 
the  bitter  salt  and  hair  salt  of  mineralogists :  it  not  unfrequently  oc- 
curs as  a  fine  capillary  incrustation  upon  the  damp  walls  of  cellars 
and  new  buildings.^ 

*  DiscoTered  by  Delafield,  see  Amer,  Jour,  It.  279. 

t  It  is  remarkable  that  gypsum  which  has  lost  only  1  ea.  water,  as  well  as  that 
which  is  dried  by  a  heat  exceeding  270®  will  not  act  in  a  similar  manner.  In  the  lat- 
ter case  thepowder  is  a  perfect  anhydrite.  CPkil.  Mag,  vi.  417.)  Raw  gypsum,  ac- 
cording to  fijnmet,  finely  pnWerizea,  is  capable  of  undergoing  immediate  and  perfect 
solidification  when  mixed  with  certain  solutions  of  potassa.  See  Amer.  Jour,  xxiii. 
S09. 

t  The  sulphate  of  magnesia  of  commerce  is  occasionally  adulterated  with  small 
crystaU  of  snlphate  of  soda ;  the  ftand  is  detected  by  the  inferior  weight  of  the  preci- 
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c^P'V-       1347.  Sulphate  of  magnesia  may  be  made  by  neutraliziDg  dilate 
Taste  and   sulphuric  acid  with  carbonate  of  magnesia.    It  has  a  saline,  biUer, 
a^talUoe  and  nauseous  tasce,  and  crystallizes  in  small  quadrangular  prisms, 
which  effloresce  slightly  in  a  dry  air.    It  is  obtained  also  in  larger 
crystals,  the  principal  form  of  which  is  a  right  rhombic  prism. 
Solubility.       1348.  The  crystals  are  soluble  in  an  equal  weight  of  water  at  60^, 
and  in  three  fourths  their  weight  of  boiling  water.    They  undergo 
the  watery  fusion,  and  the  anhydrous  salt  is  deprived  of  a  portion  of 
its  acid  at  a  white  heat    Dried  at  212"  it  retains  2  eq.  of  water,  but 
one  of  these  is  expelled  at  270°,  while  the  other  is  retained  till  the 
temperature  rises  to  460".* 
of  ifSSSia      ^349.  Sulphate  of  Alumna.    Al«0»+S(y,  61.4  1  eq.  base  + 
'  40.1  1  eq.  acid  =  91.5;  in  crystals  with  81  9  eq.  water  =  172 A 
Tersulphate.    AP(y+3S0*,  61.4  acid  +  120.3  3  eq.  base  = 
171.7  eq. ;  in  crystals  with  162  18  eq.  water  =  333.7  eq. 
Teraal«  The  tersulphate  is  prepared  by  saturating  dilute  sulphuric  acid 

phate.        ^|[|  hydrated  alumina,  and  evaporating.     It  crystallizes  in  thin  flex- 
ible plates  of  a  pearly  lustre,  containing  18  eq.  of  water  and  soluble 
in  twice  their  weight  of  water. 
HTdnt«d        1360.  The  hydrated  disulphate  is  known  to  mineralogists  under 
talpbate.     j|,g  ^ame  of  oluminiteA 

Salphatea        1361.  Sulphate  ef  Protoxide  of  Iron.    FeO+SO^HO,  36  1  eq. 

of  iron,  base  +  40.1  1  eq.  acid  +  9  aq.  1  eq.  =  86.  1 ;  in  crystals  with  46 
6  eq.  water  =  130.1.  Sulphuric  acid  with  the  protoxide  of  iron 
forms  sulphate  of  the  protoxide^  green  vitriel,  or  copperas.t     It  is 

Copperas,  prepared  in  large  quantities  for  commercial  purposes,  by  exposing  the 
native  protosulphuret  of  iron  (o  air  and  moisture,  the  iron  being  con- 
verted into  an  oxide,  and  the  sulphur  into  sulphuric  acid  by  attract- 
ing oxygen. 

PiQcett.  On  the  Bmall  icale  it  may  be  prepared  by  mixing  6  parts  of  iron  with  10  of  8 

and  60  of  water,  evaporating  the  solution  in  a  glass  or  earthen  Tessel,  after  the 
effenreecence  has  ceased,  and  continaing  the  neat,  till  a  rod  dipped  into  H  pre- 
sents appearBBces  of  crystallization,  when  taken  oat  and  held  in  the  air.  The 
solution  may  then  be  filtered,  and  green  crystals  of  the  sulphate  will  be  formed 
as  it  cools. 

Properties.  1362.  This  salt  has  a  strong  styptic  taste.  When  pure  it  does 
not  change  vegetable  blue  colours,  though  generally  stated  to  do  so» 
the  reddening  effect  being  only  produced  when  some  of  the  iron 

pitate,  occasioned  by  adding  carbonate  of  potassa;  100  parts  of  pure  crystallized  sul- 
phate  of  magnesia  farnishio^  a  precipitate  of  about  40  parts  of  dry  carbonate.    B. 

Much  of  the  sulphate  found  in  the  shops  contains  some  hydrocblorate  of  magnesia,  which 
renders  it  deliquescent,  and  consequently,  it  requires  to  be  preserved  in  close  and  co- 
vered jars.  It  is  often  adulterated  with  Glauoer's  salt,  which  is  made  to  resemble 
Epjiom  salt,  by  stirring  it  briskly,  when  it  is  about  to  crystallize.  It  may  be  detected 
by  precipitating  the  magnesia  by  pure  ammonia,  aiding  by  heat}  filtering  and  evapo- 
raung  the  filtered  fluid  to  dryness  oy  a  heat  sufficient  to  ▼olatilize  the  sulphate  of  am- 
monia ;  if  it  contains  Glauber's  salt  the  soda  will  remain  fixed.  Or  it  may  be  detected 
by  no  precioitatioo  ensuing,  on  addinff  carbonate  of  potassa  to  the  solution.  Hydro- 
chlorate  of  lime  is  detected  by  the  oxalic  acid.    Thomson's  Land.  Diap,  407. 

*On  the  manufacture  of  this  salt  from  magnesite  see  Amer,  Jour,  i?.  22,  and 
xiv.  10. 

t  Suiphaie  of  Protox.  Mcmg^anae.  MnO+SO'HO,  36.7  1  eq.  base  +  40.1  1  eq. 
acid  -H  9  aq.  1  eq.  =r  84.S  eq. 

t  NaUve  Green  VUriol  is  frequently  found  aaaoeiaisd  with  iron  pyiites,  being  pf»> 
dnoed  by  its  decomposition ;  it  occurs  m  some  coal  mines. 


pMses  into  a  higher  abite  ef  oxidation.    This  is  prevented  hy  a  few    bkul 
drops  of  salphuric  acid  in  excess,  and  the  resulting  crystals  have  a 
distinctly  blue  colour.    The  common  green  tint  ia  a  delicate  test  of 
thepresence  of  sesquioxide  of  iron.* 

The  crystids  belong  to  the  oblique  prismatic  systems  and  contain  6  CrystalUoe 
eq.  of  water*  one  of  which  is  retained,  according  to  Graham,  till  the^*^"^* 
temperature  rises  to  63S*.    By  (grating  carefully  it  may  be  ren- 
dered anhydrous  without  the  loss,  of  acid.    It  is  soluble  in  two  parts 
of  cold,  and  in  three  fourths  its  weight  of  boiling  water.     This  salt 
is  employed  in  the  manufacture  of  fuming  sulphuric  acid  (540). 

1353.  When  heated  it  fuses,  and  at  a  high  temperature  evolves  a  ^ectof 
mixture  of  sulphurous  and  sulphuric  acids,  and  the  oxide  remaining      ^ 
was  formerly  called  caput  mortuvm  vitrioUt  or  cokotkar,  Colcothar. 

1354.  Ttrsulpkaie  of  the  SesqutaxitU,  FeHy•4-3SO^  80  1  eq.  base  Tenol- 
4- 1^*3  3  eq.  acid  s  200.3  eq.,  is  formed  by  mixing  a  solution  of  P^^* 

the  protosulphate  with  half  as  much  S  as  that  salt  contains,  and 
adding  to  the  mixture  in  a  boiling  state  successive  portions  of  nitric 

acid  until  N  fumes  cease  to  appear.     The  solution  is  then  evaporated 

.♦.•.  ' 

to  dryness  to  expel  the  excess  of  N,  and  the  tersulphate  remains 
as  a  white  salt 

1355.  It  dissolves  in  water,  after  being  strongly  heated ;  and  at  a  soiobflity^ 
red  heat  gives  out  all  its  acid,  sesquioxide  of  iron  remaining.     Its  ^* 
solution  in  water  is  yellow.t 

1356.  Sulphate  of  Protoxide  of  Zinc— White   Vitriol,  ZnO  -f  Silpfaate  of 
SO'HO,  40.3  1  eq.  base  +  40.1  1  eq.  acid  +  9aq.  1  eq.  ==  89.4;  «»c. 

in  crystals  with  54  6  eq.  water  =  143.4.  This  salt  is  the  residue 
of  the  process  for  obtaining  hydrogen  gas,  (378.) t  It  is  also  made 
for  the  purposes  of  commerce,  by  roastine;  native  sulphuret  of  zinc. 

1357.  Its  crystalline  form  is  a  flattened  four  sided  prism  of  the  crystaUine 
right  prismatic  system,  and  isomorphous  with  Epsom  salt.    The  form,  solar 
crystals  dissolve  in  2)  parts  of  cold,  and  are  still  more  soluble  in  *>>'»^y»*«« 
boiling  water.    Its  taste  is  strongly  styptic.    It  reddens  vegetable 

blue  colours,  though  a  neutral  salt. 

1358.  This  salt  is  almost  always  contaminated  with  iron,  and  impuritss 
often  with  copper  and  lead.  Hence  the  yellow  spots  which  are  vis-  remo?ed. 
ible  on  it ;  and  hence  also  the  reason  why  its  solution  in  water  lets 

fall  a  dirty  brown  sediment..  It  may  be  purified  by  dissolving  it  in 
water,  and  patting  into  the  solution  a  quantity  of  zinc  filings ;  ta- 
king  care  to  agitate  occasionally.  The  zinc  precipitates  the  foreign 
metals  and  takes  their  place.     The  solution  is  then  to  be  filtered 


*Bon8doiffm  Pc^g»  ilnn.,  xzzi.  81. 

t  The  diaulphale  of  the  aea^uioxide  falls  as  a  hydrate  of  an  ochrsoas  colour,  when  a 
eolation  of  the  protosulphate  la  kept  in  an  open  vessel. 

t  Hydrogen  gas  holding  zinc  in  solution,  may  be  obtained  by  a  process  of  Yauque-  RjrdNdadc 
lin.  A  mixture  of  the  ore  of  zinc,  (blende,  or  calamine)  with  charcoal,  is  to  be  put  !>«. 
into  a  porcelain  tube,  wluch  is  to  be  placed  horizontally  in  a  furnace,  and  when  red- 
hot,  the  vapour  of  water  is  to  be  driven  over  it.  The  gas  produced  is  a  miztore  of 
carbooic  acid,  catburetted  hydrogen,  and  a  solution  of  zinc  in  hydrogen  gas,  which 
has  been  called  hydrozvndc  goM.  Tne  zinc  is  deposited  on  the  surface  of  the  water, 
over  which  this  sas  is  kept  j  but  if  burned  when  recently  prepared,  the  gas  exhibits, 
in  consequence  of  this  impregnation,  a  distinctly  blue  flame. 


328  SaUiShUpkaUi. 

Chap.  V.   and  the  sulphate  of  zinc  may  be  obtained  firom  it  in  crystals  bj 
proper  evaporation.* 

1359.  In  the  dose  of  a  scruple  or  a  drachm,  sulphate  of  zinc  is  one 
of  the  most  immediate  emetics  we  possess ;  and  it  is  to  be  inferred, 
that  if  larger  doses  are  rejected,  as  is  the  fact,  with  equal  rapidity, 
they  will  in  general  cause  no  more  harm  than  the  medicinal  dose.  In 
some  instances,  however,  persons  have  suffered  severely  from  over- 
doses of  this  salt,  and  a  few  have  even  perished.    It  has  also  been 
said  to  have  proved  fatal  when  applied  extemally.t 
Solphito  of     1360.  Sulphate  of  Protoxide  of  Niekd,  NiO+SO*HO,  37.5  base 
^^'       1  eq.  +  40.1  acid  1  eq.  +  9aq.  =  86.6,  like  most  of  the  salts  of 
nickel  this  of  a  green  colour,  and  crystallizes  from  its  solution  in 
pure  water  in  right  rhombic  prisms,  similar  to  the  sulphates  of  zinc 
and  magnesia.     If  an  excess  of  acid  is  present  the  crystals  are 
square  prisms,  containing  less  water  and  more  acid  than  the  prece- 
ding.t   « Soluble  in  about  three  times  its  weight  of  water  at  60  . 
Salphatoof     1361.  Sulphate  of  Protoxide  of  Cobalt,  000+80*110,  37.5  1 

•"****•        eq.  base  +  40.1  1  eq.  acid -|-  9  aq.  1  eq.  =  86.6,  is  obtained  by  di- 

••• 
gesting  protoxide  of  cobalt  in  dilute  S,  evaporation  and  crystalliza- 
tion. The  crystals  are  red,  and  isomorphous  with  FeO-{-SO*H0.4 
Saiphtte  of  1362.  Sulphates  of  the  Oxidet  of  Copper.— Blue  Vitriol,  CuO+ 
«PP«-  SO*HO,  39.6  1  eq.  base  +  40.1  1  eq.  acid  4-9aq.  1  eq.  :=  88.7  eq. 
in  crystals  with  36  4  eq.  water  s  124.7.  The  sulphate  of  the 
black  or  protoxide  of  copper  is  made  by  roasting  the  native  sulphu- 

ret,  or  by  dissolving  the  protoxide  in  dilute  S  and  crystallizing  by 
evaporation.  It  forms  crystals  of  a  blue  colour,  which  contain  5  eq. 
of  water,  4  of  which  are  lost  at  212°  in  dry  air,  but  the  fifth  is  re- 
tained till  the  temperature  exceeds  430°.  It  is  then  a  white  powder, 
combining  readily  with  water  with  development  of  heat.  It  is  iso- 
morphous with  MnO+SO^O. 

ProoeM.  1363.  In  the  la]]ge  way  the  the  copper  is  oxidized  by  ignitiii^  it  in  an  oren  ; 

the  scale  of  oxide  is  then  beaten  off  ana  the  copper  is  heated  again  till  the  whole 
is  thus  oxidized ;  the  scales  heated  in  the  acia  will  partially  dissolve  without 
decomposing  the  latter.jl 

Disslphate,      1364.  When  pur£  potassa  is  added  to  a  solution  of  this  salt,  in  a 
quantity  insufficient  for  separating  the  whole  of  the  acid,  the  disul' 
phate,  of  a  pale  bluish  green  colour,  is  thrown  down. 
Solphate  of     1365.  By  adding  cautiously,  a  solution  of  ammonia  to  the  sul- 
protoz.       phate,  until  the  su^alt  thrown  down  is  nearly  all  dissolved,  sulphate 
ammonia.    9f  P^<^^^^  of  copper  and  ammonia  is  generated.     The  solution  is 
a  rich  blue  from  which  crystals  are  deposited  by  the  addition  of  al- 
cohol.   It  may  be  formed  also  by  triturating  carbonate  of  ammonia 

*  Thomson's  Iimrg,  Oum,  ii,  610. 

t  Christison  on  Poitons,  376.    For  method  of  detecting  in  contenU  of  the  stonmch 
totUridt  374. 
t  Ann,  Philot.  zzii.  439. 

S  Brooke  in  ilnn.  PkilM.  NSL  Ti.  ISO.    They  are  iasolable  in  alcohol,  bat  dissolve 
in  about  24  parts  of  cold  water. 

il  The  composition  of  ihese  scales  is  Tariable,  they  are  often  a  para  protoxide,  and 

when  treated  with  hot  S  become  peroxide  of  copper,  which  dissolves  and  finely  di- 
vided metallic  copper  subsides.  Their  texture  is  crystalline  and  they  readily  dinolve 
in  ammonia,  and  give,  in  close  vessels,  a  colourless  solntion.    (Bayes.) 


Sulphate  of  Siher.  329 

with  crystals  of  sulphate  of  copper ;  carbonic  acid  is  disengaged  and    Secui. 
the  mass  becomes  moist,  the  water  of  the  blue  vitriol  being  liberated. 
This  is  the  acprum  ammoniatum  of  the  U.  S.  Phar.  and  contains 

S,  Cu+0  and  NH'?    It  loses  NH'.by  exposure  to  the  air. 

1366.  Sulphates  of  the  Oxides  of  Mercury,     Sulphate  of  the  Pro^  Salphates 
tozide  HgO+SO«  210  I  eq.  base  +  40.1  1  eq.  acid  =  260.1  eq.,  is  of  Meicary. 
obtained  when  two  parts  of  mercury  are  gently  heated  in  three 

parts  of  strong  S,  so  as  to  cause  efiervesence  (530). 

1367.  If  a  strong  heat  is  employed  so  as  to  excite  brisk  efierves-  Bfiaot  of 
cence,  and  the  mixture  is  brought  to  dryness,  a  bisvlphate  of  the  pe-*  ^^^* 
rozide  results,  both  being  anhydrous."^ 

This  salt  is  employed  in  making  corrosive  sublimate   (1217). '^y'PBth 
When  thrown  into  hot  water,  it  is  decomposed,  and  a  yellow  sub-  ™""~' 
salt,  formerly  called  Turpeth  mineraltf  subsides,  according  to  Phil- 
lips it  consists  of  3  eq.  of  acid  and  4  eq.  of  peroxide. 

1388.  Sulphate  of  Oxide  of  Stiver.    AgO+SO»,  116  1  eq.  base»J^^*«»f 
+  40.1   1  eq.  acid  =  166.1  eq.    This  salt  is  deposited  when  sul-* 
phate  of  soda  is  mixed  with  nitrate  of  silver.     It  is  also  formed  by 
boiling  silver  with  its  weight  of  sulphuric  acid. 

1369.  It  is  white  and  easily  fusible,  requiring  about  80  times  its  Properties, 
weight  of  hot  water  for  solution,  and  the  greater  part  is  deposited  in 

small  needles  on  cooling.t 

1370.  A  compound  acid,  which  may  be  called  nitro'sulphuric, 

consisting  of  one  part  of  nitre  dissolved  in  about  ten  of  S,  dissolves 
silver  at  a  temperature  below  200*^,  and  the  solution  admits  of  mode- 
rate  dilution  before  sulphate  of  silver  separates  from  it.  This  acid 
scarcely  acts  upon  copper,  lead,  or  iron,  unless  diluted  with  water  ; 
it  is,  therefore,  useful  in  separating  the  silver  from  old  plated  arti- 
cles :  the  precious  metal  may  afterwards  be  separated  either  in  the 
form  of  chloride,  by  adding  common  salt ;  or  by  diluting  the  acid  and 
continuing  the  immersion  of  the  pieces  of  copper  which  hav^ost 
their  silvering,  and  which  will  now  dissolve  in  the  diluted  acid  and 
occasion  the  precipitation  of  metallic  silver.^ 

1371.  Sulphate  of  oxide  of  silver  forms  with  ammonia  a  double  Action  of 
salt,  which  crystallizes  in  rectangular  prisms,  the  solid  angles  and  an«noni«- 
lateral  edges  being  replaced  by  tangent  planes.     It  consists  of  1  eq. 

AgO,  1  acid,  and  2  NH^ ;  it  is  formed  by  dissolving  AgO+SO^  in  a 
hot  concentrated  solution  of  ammonia,  from  which,  on  cooling,  the 
crystals  are  deposited.     It  is  isomorphous  with  the  double  chromate    • 
and  selenlate  of  oxide  of  silver  and  ammonia.ll 

*  DonovaD  in  Ann.  Philos.  ziv.       t  Hydrarg.  sulphas  flavus  of  the  U.  S.  Pfuurm. 

t  Upon  the  large  scale  small  portions  of  gold  may  be  economically  separated  from  Eeoaomieai 

large  quantities  of  silver,  by  heating  the  finely  granulated  alloy  in  S;  the  gold  remsini  nUofgeU. 
in  the  form  of  a  black  powder,  and  the  sulphate  of  silver  may  be  decomposed  h^r  the 
action  of  metallic  copper ;  the  silver  is  precipitated  in  a  pulverulent  state,  and,  with  a 
little  borax  or  other  viirifiable  flux,  is  fused,  and  cast  into  ingots ;  the  sulphate  of 
copper  is  easily  obtained  in  the  crystallized  state  by  evaporating  the  residuary  liquor. 
B,  11.  U7.  §  Keir  in  Phil  Trans.  Izzz. 

II  Mitscherlich  in  iinn.  de  Oiirn.  ei  de  PAys.,  zxxviii.  63. 
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c^v-y-  DouMe  Sulpkatei. 

1372.  Sulphate  of  Soda  and  Lime.    NaO.  SO»+CaO,  SO*,  71.4 

1  eq.  sulph.  sod.  -f-  6S.6  1  eq.  sulp.  lime  =  140  eq.     This  salt,  de- 
Glaaberit«  "^''^^^  ^^  mineralogists  under  .the  name  of  Gla^d>erite,  is  found  ia 
'  the  salt  mines  of  New  Castile.     It  may  be  made  by  fusing  together 
its  constituents  in  the  ratio  of  their  equivalents.* 

1373.  Sulphate  of  Potassa  and  Alumina — Alum.  KO,  SO'-f' 
Alom,  j^fQ,  2S(y,  87.25  1  eq.  sulph.  potassa  +  171.7  1  eq.  tersulph.  alu. 
^^^  =  258.95  eq.;  do.  with  216  or  24  eq.  water  =  474.95.  Common 
^*"***  **'alum  is  prepared  by  roasting  and  lixiviating  certain  clays  containing 

iron  pyrites ;  to  the  leys  a  proper  quantity  of  sulphate  of  potassa  is 
added,  and  the  salt  is  obtained  by  crystallization.  In  Italy  it  is  made 
from  (dum  stone  which  occurs  at  Tolfa  near  Rome,  it  occurs  in 
volcanic  countries,  being  probably  formed  by  the  action  of  sulphu- 
rous acid  vapours  on  felspathic  rocks. t 

Fioptrtkt,  1374  Alum  has  a  sweetish  taste.  It  is  soluble  in  five  parts  of 
water  at  60^  and  a  little  more  than  its  own  weight  of  boiling  water.t 

GrystalliiM      1375.  Alum  crystallizes  readily  in  octohedrons  or  in  segments  of 

form,  octohedrons.     When  the  crystals  are  heated,  they  froth  up,  parting 

with  their  water  and  forming  anhydrous  alum,  alumen  exnccaium  of 
the  U,  S.  Pharmacop. 

1376.  When  alum   is  ignited  with  charcoal,  a  spontaneously  in- 

^^  flammable  compound  results,  which  has  long  been  known  under  the 

^^'l*         name  of  Homberg's  Pyrophorus. 

PiOMSS,  ^t  i0  made  by  mixing  equal  weights  of  alum  and  brown  sugar,  and  stirring  the 

mass  over  the  6re  in  an  iron  ladle  till  quite  dry.  It  is  then  reduced  to  powder 
and  introduced  into  a  nbial  coated  with  clav  in  a  crucible  filled  with  aaod.l  The 
whole  is  heated  to  redness,  and  when  a  blue  flame  appears  at  the  neck  of  th« 
phial,  allow  it  to  bum  about  five  minutes,  then  remove  it  from  the  fire ,  stop  the 
phial  with  a  piece  of  soft  clay,  and  when  cool  substitute  a  good  cork,  to  eichide 
the  air. 
-,     ,  Hare  recommends  the  following  method,  which  affords  a  pyrophorus  that  rarely 

uaies,  fails  Take  3  parts  of  lampblack,  4  of  calcined  alum,  and  6  of  pearLubee; 
mixtSem  thoroughly,  and  heat  them  in  an  iron  tube  to  a  bright  cherrv  red  for 
one  hour.  On  removal  fifom  the  fire  the  tube  should  be  carefiilly  stopped.  ^  hea 
well  prepared  and  poured  out  upon  a  glass  plate,  and  especially  when  breathed 
upon,  the  pyrophorus  kindles  with  a  series  of  small  explosions.  This  pyropho- 
rus should  be  removed  from  the  tube  with  great  caution,  as  it  has  been  found  to 
explode  violently  on  the  introduction  of  a  rod  for  the  purpose  of  loosening  itjl 

Theory  of       1377.  From  some  experiments  by  Gay-Lussac,  it  appears  that 
its  eombtts-  ^^e  essential  ingredient  of  Homberg*s  pyrophorus  is  sulphuret  of 

•  SutphaU  o/PoioMBa  and  Magneria,  KO,  SOs+l^O,  SO^,  87.35  I  eq.  sulph.  pot. 
+  60.8  I  eq.  salpb.  magnes.  =  148.05  eq.,  is  formed  on  mixing  solutions  of  the  tw» 
salts  >  the  crystals  belong  to  the  oblique  prismatic  system. 

Su^h.  Ox.  Amman,  and  Magnet.  H4NO,  SOs+MgO,  SOB,  66.S5  I  eq.  sulph.  ex. 
ammon.  +  60.6  l  eq.  sulph.  mag.  s  127.05  eq. ;  do.  with  54  or  6  eq.  of  water  ss 
181.05.  ^ 

t  Lam  quantities  are  manofiustured  in  the  United  Sutes  from  the  porar  ekys.  aa 
that  of  Martha's  Vineyard. 

t  The  variable  solubility  of  alum  as  stated  by  different  chemists,  may  have  arisen 
from  the  want  of  care  in  selecting  specimens  ror  trial.  Hayes  iofbrms  me  that  we 
have  several  varieties  of  alum  in  commerce,  which  vary  in  solubility  -,  he  finds  that 
the  pure  potash  alum  is  not  more  soluble  than  has  been  stated  by  Uie,  (1  in  16  water 
at60«).    W.  ' 

f  I  usually  prcftr  a  small  cast  iron  bottle,  or  retort.    W. 
11  Sillimaa  ia  ilmer.  Jour,  q/  fib. ,  z.  367. 


potassiam  in  a  state  of  minute  division.  The  charcoal  and  alumina  Biou  i. 
act  only  by  being  mechanically  interposed  between  lis  particles;  but 
when  the  mass  once  kindles,  the  charcoal  takes  fire  and  continues 
the  combustion.  He  finds  that  an  excellent  pyrophorus  is  made  by 
mixing  27  parts  of  sulphate  of  potassa  with  15  parts  of  calcined  lamp* 
black,  and  heating  the  mixture  to  redness  in  a  common  Hessian  cru- 
cible, of  course  excluding  the  air  at  the  same  time.* 

1378.  Alum  is  of  extensive  use  in  the  arts,  more  especially  ia  ^^^^ 
dveing  and  calico-printing,  in  consequence  of  the  attraction  whioh 
alumina  has  for  colouring  matter. 

1379.  Alum,  having  the  same  form,  composition,  appearance,  and  oth«f  rf- 
taste  as  the  salt  just  described,  may  be  made  with  ammonia,!  the  °°^- 
sulphate  of  which  replaces  sulphate  of  potassa.     It  is  met  with  occ»* 
sionally  as  a  natural  product,  and  may  be  prepared  by  evaporating  a 
solution  of  sulphate  of  ammonia  with  tersulphate  of  alumina, 

A  soda  alum  may  also  be  prepared,  similar  in  form  and  composi* 
tion  to  the  preceding  alums,  except  that  it  contains  twentysix  equi- 
valents of  water.t     This  salt  is  disposed  to  effloresce  in  the  air.^ 

1380.  Iron  Alum.     By  mixing  sulphate  of  potassa  with  tersul-  Iron  mlom. 
phate  of  sesquioxide  of  iron,  and  crystallizing  by  spontaneous  evapo- 
ration, crystals  are  obtained  similar  to  common  alum,  in  form,  colour, 

taste,  and  composition.  This  salt  has  often  a  pink  tint,  but  is  some- 
times Quite  colourless.  A  similar  double  salt,  quite  colourless,  may 
be  made  with  ammonia  instead  of  potassa.  In  both  these  alums  the 
alumina  is  simply  replaced  by  an  equivalent  quantity  of  oxide  of 
iron. 

1381.  Chrome  Alums,     The  tersulphate  of  sesquioxide  of  chromi-  Chrome  sl- 
um forms  with  the  sulphates  of  potassa  and  ammonia  double  salts  ^""' 
which  are  exactly  similar  in  form  and  composition  to  the  preceding 
varieties  of  alum.     They  appear  black  by  reflected,  but  ruby-red  by 
transmitted  light. 

1382.  Manganese  Alum.     Mitscherlich  obtained  this  salt  by  mix-  Maoguete 
ing  a  solution  of  tersulphate  of  sesquioxide  of  manganese  with  sul-  ^°°^- 
phate  of  potassa,  and  evaporating  to  the  consistence  of  syrup  by  a 

very  gentle  heatj] 

1383.  The  salts  to  which  the  term  alum  ia  applied,  are  character-  Chtracter- 
ized  by  two  common  properties  ;  they  all  crystallize  in  the  octohedral  M^lsof 
system,  and  they  are  all  constituted  as  represented  by  the  formula  alum. 
KOSO*+R*(y3SO'-f-24Aq. ;    where  RO  represenu  an  eq.  of  po- 
tassa, or  oxide  of  ammonium,  and  R^O^  any  one  of  the  isomorphous 
sesquioxides  of  aluminium,  iron,  manganese,  and  chromium.     As 
remarked  by  Berzelius,  the  formula  and  crystalline  form  serve  to 
determine  the  genus  alum,  and  the  oxidized  bases  its  species. IT   T.  and 

L.  667. 

*An*deOi.eide  Pfu,  zzxTii.  416. 

t  H«NO,  S0*+A1^,  aSO*,  66.25  I  eq.  tulph.  ox.  ammoo.  4-171.7  1  eq.  tennlpb. 
alomioa  =  237.96  eq. ;  do.  with  216  or  24  eq.  water  =  463.96. 

t  BerzeliuK. 

S  NaO,  SOH-Al^  aSO*,  71.4  1  eq.  salph.  eoda  4-  171.7  1  eq.  tersvlph.  alumioa  = 
243.1,  eq.  j  do.  with  234  or  26  eq.  water  =  477.1. 

II KO,  SOH-MnO,  SO",  87.26  1  eq.  snlph.  potassa +76.8  1  eq.  snlph.  protox.  mang. 
SS163.06  eq. ;  do  with  64  or  6  eq.  water  s=  217.06. 

T  For  SulphaUt  qf  Protoxide  of  Iron  and  Alumina  and  remarks  on  Anhydnmt 
SulphaUa  wUh  Amfiiama,  eee  Tonier  and  Liebig's  Chem.,  667. 
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SalU—jyitraU$. 


Effector 
heat 


Nitrates. 


Ch>P»  V.  SulphiUs. 

Solphitei.]  1384.  The  salts  of  sulphuroas  acid  have  not  hitherto  been  mi- 
nutely examined.  The  sulphites  of  potassa,  soda,  and  ammonia, 
made  by  neutralizing  those  alkalies  with  sulphurous  acid,  are  sola- 
ble  in  water,  but  most  of  the  other  sulphites  are  of  sparing  solubili- 
ty. The  sulphites  of  baryta,  strontia,  and  lime  are  very  insoluble. 
The  stronger  acids  decompose  all  the  sulphites  with  efiervescence, 
owing  to  the  escape  of  sulphurous  acid,  which  may  easily  be  recog- 
nised by  its  odour.  Nitric  acid,  by  yielding  oxygen,  converts  the 
sulphites  into  sulphates. 

1385.  When  the  sulphites  of  the  fixed  alkalies  and  alkaline  earths 
are  strongly  heated  in  close  vessels,  a  sulphate  is  generated,  and  a 
portion  of  sulphur  sublimed.  In  open  vessels  nt  a  high  tempera- 
ture they  absorb  oxygen,  and  are  converted  into  sulphates ;  and  a 
similar  change  takes  place  even  in  the  cold,  especially  when  they 
are  in  solution. 

The  hyposulphates  and  hypondphites  are  of  little  practical  impor- 
tance.* 

Nitrates, 

1386.  The  nitrates  may  be  prepared  by  the  action  of  nitric  acid 
on  metals,  on  the  salifiable  bases  tbemselves,  or  on  carbonates.  As 
nitric  acid  forms  soluble  salts  with  all  alkaline  bases,  the  acid  of 
the  nitrates  cannot  be  precipitated  by  any  reagent.  They  are  readi- 
ly distinguished  from  other  salts,  however,  by  the  characters  already 
described.     (484.) 

1387.  All  the  nitrates  are  decomposed  without  exception  by  a 
high  temperature;  but  the  changes  which  ensue  are  modified  by  the 
nature  of  the  oxide.  Nitrate  of  oxide  of  palladium  is  decomposed 
at  a  moderate  temperature.  Nitrate  of  protoxide  of  lead  requires  a 
red  heat,  by  which  it  is  resolved  into  oxygen  and  nitrous  acid.  In 
some  instances  the  changes  are  more  complicated. 

1388.  As  the  nitrates  are  easily  decomposed  by  heat  alone,  they 
must  necessarily  suffer  decomposition  by  the  united  agency  of  heat 
and  combustible  matter.  The  nitrates  on  this  account  are  much 
employed  as  oxidizing  agents,  and  frequently  act  with  greater  effica- 
cy even  than  nitro-hydrochloric  acid. 

The  efficiency  of  nitre,  which  is  the  nitrate  usually  employed  for 
the  purpose,  depends  not  only  on  the  affinity  of  the  combustible  for 
oxygen,  but  likewise  on  that  of  the  oxidized  body  for  potassa.  The 
process  for  oxidizing  substances  by  means  of  nitre  is  called  deftagra* 
tion,  and  is  generally  performed  by  mixing  the  inflammable  body 
with  an  equal  weight  of  the  nitrate,  and  projecting  the  mixture  in 
small  portions  at  a  time  into  a  red-hot  crucible. 

All  the  neutral  nitrates  of  the  fixed  alkalies  and  alkaline 
earths,  together  with  most  of  the  neutral  nitrates  of  the  common 
metals,  are  composed  of  one  equivalent  of  nitric  acid,  and  one  equiv- 
alent of  a  protoxide.  Consequently,  the  oxygen  of  the  oxide  and 
acid  in  all  such  salts  must  be  in  the  ratio  of  1  to  5,  the  general  for- 
mula being  MO+N(y. 


Effect  of 
heat,  ^. 


Oxidize. 


Deilagre- 
tion. 


*  For  their  characters  aee  T.  4c  L.  SSem.  307,  and  Heeren  in  Ann,  de  Qdm.  et 
Phjfff  xl.  80. 
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The  only  nitrates  found  native  are  those  of  potassa,  soda,  lime,    9ttui. 
and  magnesia. 

1389.  Nitrate  of  Potassor-Nitre,  KO-f  NO*,  47.16  i  eq.  base-f  Nitrate  of 
64.15  1  eq.  acid  =101.3  eq.     This  salt  is  an  abundant  natural  pro-  potassa. 
duct,  and  is  principally  brought  to  this  country  from  the  East  Indies, 
where  it  is  produced  by  lixiviation  of  certain  soils.* 

The  rough  nitre  is  in  broken  crystals,  of  a  brown  colour,  and  more 
or  less  deliquescent :  exclusive  of  other  impurities,  it  often  contains 
a  Very  considerable  proportion  of  common  salt,  which  reacting  upon 
the  nitre,  induces  the  production  of  nitrate  of  soda  and  chloride  of 
potassium. 

1390.  In  Germany  and  France  it  is  artificially  produced  in  what  Anifidal 
are  termed  niire-beds.t     Thenard  has  described  the  French  process  production 

«  1     -*i.  of  mire. 

at  length. 

It  eonsistB  in  lixiviatiDg  old  plaiter  rubbi8b,t  which  when  rich  in  nitre,  aifordfl 
about  five  per  cent.  Refuse  animal  and  vegetable  matter  which  has  putrefied 
in  contact  with  calcareous  soils  produces  nitrate  of  lime,  which  affords  nitre  by 
mixture  with  subcarbonate  of  potassa.  In  the  same  way  it  is  abundantly  pro^ 
duced  in  some  parts  of  Spain.  Exudations  containing  saltpetre  are  not  uncom- 
mon upon  new  walls,  where  it  appears  to  arise  from  the  aecomposition  of  ani- 
mal matter  contained  in  the  mortar.  It  was  long  ago  shown  by  Glauber,  that  a 
vault  plastered  over  with  a  mixture  of  lime,  wood-ashes,  and  cows'  dung,  soon 
becomes  covered  with  efflorescent  nitre,  and  that  after  some  months,  the  mate- 
rials yield,  on  lixivialTon,  a  considerable  proportion  of  that  salt. 

1391.  Nitre  crystallizes  in  six-sided  prisms,  it  dissolves  in  7  parts  Properties, 
of  water  at  60^  and  in  its  own  weight  at  212^.     Its  taste  is  cooling 

and  peculiar.  It  contains  no  water  of  crystallization,  but  its  crys- 
tals are  never  quite  free  from  water  lodged  mechanically  within 
them. 

1392.  When  exposed  to  a  white  heat,  nitre  is  decomposed   into  Effect  of 
oxygen,  (366)  nitrogen,  and  dry  potassa.  By  distilling  it  in  an  earth-  ^^^' 
en  retort,  or    in  a  gun-barrel,  oxygen  gas   may   be   obtained  in 

great  abundance,  one  pound  of  nitre  yielding  about  12,000  cubic 
inches,  of  sufficient  purity  for  common  experiments,  but  not  for  pur- 
poses of  accuracy.  It  fuses  at  a  heat  below  redness,  and  congeals 
on  cooling  into  cakes  called  sal  prunelle. 

If  the  temperature  of  nitre  be  so  far  increased  as  to  allow  a  por- 
tion of  oxygen  to  escape,  the  remaining  salt,  as  Scheele  first  observed, 
remains  neutral,  and  in  this  state  it  has  been  considered  as  forming 
a  nitrite  of  potassa, 

1393.  It  is    decomposed  by  charcoal  at  a  red  heat,  and  if  excess  Decompo- 

sed by 
of  charcoal  be  used  the  results  are  C,  C,  N  and  KO-|-CO.    It  is  charcoal. 

also  decomposed  by  sulphur  with  different  results,  according  to  the 

temperature  and  proportions  employed. 

This  may  be  shown  by  mixing  two  parts  of  powdered  nitre  with  one  ofRyp, 
powdered  charcoal,  and  setting  mre  to  tne  mixture  in  an  iron  vessel  under  a 
chimney.§ 

*  In  Kentucky  and  other  parts  of  the  U.  S.  the  caverns  in  limestone  afford  abun- 
dant supplies  of  nitrate  or  lime  from  which  nitre  is  obtained.  The  potassa  is  ob- 
tained from  wood  ashes.  In  some  places  1  bushel  of  the  earth  yields  from  3  to  10 
lbs.  of  the  salt.    Amer.  Jour.  1. 321. 

t  TraiU  de  Chim.  Elem.  ii.  51 1 . 

t  The  grrater  part  of  the  nitre  made  in  FVance  is  thus  obtained. 

f  The  residuum  is  known  as  white  fiux. 
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Combus- 
tion with 
phospho- 
niii,ac. 


Falmina- 
tiog  pow- 
der. 


Use  of 
nitre  in 
chemistry, 


In  the  arts. 


Mix  powdered  nitre  and  miphnr,  and  tbi^jw  the  mizturei  bj  a  littlo  at  a  time, 
'  into  a  red-hot  crucible.  The  sulphur  will  unite  with  the  oxygen  oi  the  nitric 
acid,  and  form  sulphuric  acid;  which,  coiobining  with  the  potasaa,  wilt  afford 
sulphate  of  potassa.  The  production  of  tho  latter  salt  will  be  proTed  by  diseoly- 
ing  the  mass  remaining  in  the  crucible,  and  crystallizing,  when  a  salt  will  be 
obtained  ezhibitinc  the  characters  of  the  sulphate. 

Mix  a  portion  of  sulphur  with  one  sixth  or  one  eighth  its  weight  of  nitrate  oF 
potassa ;  put  the  mixture  into  a  tin  cup ;  and  raise  it,  by  a  small  stand,  a  few 
inches  above  the  surface  of  water,  contained  in  a  flat  shallow  dish.  Set  fire  tx> 
the  mixtnre,  and  cover  it  with  abell*abaped  receiver.  In  this  case,  also,  sulphu- 
lie  acid  will  be  formed  -,  but  it  will  not  comliine,  as  before,  with  the  alkali  tNTthe 
nitre,  which  alkali  is  present  in  sufficient  Quantity  to  absorb  only  a  part  of  the 
acid  produced.  The  greater  part  of  the  acia  will  be  condensed  on  the  inner  sur- 
face of  the  ^lass  bell,  and  by  the  water,  which  will  thus  become  intensely  aeid. 
The  operation  may  be  repeated  three  or  fofir  times,  using  the  same  porlion  of 
water.  When  the  water  is  partly  expelled,  by  evaporation  in  a  glass  diali,  eon- 
centrated  sulphuric  acid  remains.    H.  1.  520. 

When  phosphorus  is  thrown  upon  nitre,  and  inflamed,  a  vivid 
combusiiun  ensues,  and  a  phosphate  of  potassa  is  formed.  Sulphur 
sprinkled  upon  hot  nitre  burns,  and  produces  a  mixture  of  sulphate 
and  sulphite  of  potassa.  This  salt  used  formerly  to  be  employed  in 
medicine,  under  the  name  of  Glaser^s  polychrest  salt.  Most  (if  the 
metals,  when  in  filings  or  powder,  deUmate  and  burn  when  thrown 
on  red-hot  nitre  ;  some  of  the  more  inflammable  metals  produce  in 
this  way  a  considerable  explosion. 

1394.  A  mixture  of  three  parts  of  nitre,  two  of  dry  subcarbonate 
of  potassa,  and  one  of  sulphur,  forms  Julminating  powder.*  [fa 
little  of  this  compound  be  heated  upon  a  metallic  plate,  it  blackens, 
fuses,  and  explodes  with  much  violence,  in  consequence  of  the  rapid 
action  of  the  sulphjir  upon  the  nitre. 

1395.  Nitre  is  employed  in  chemistry  as  an  oxidizing  agent,  and 
in  the  formation  of  nitric  acid  (471).  It  is  employed  in  the  East 
Indies  for  the  preparation  of  cooling  mixtures ;  an  ounce  of  nitns 
dissolved  in  five  ounces  of  water  reduces  its  temperature  15^.  It  is 
highly  antiseptic  and  much  used  in  the  preservation  of  animal  sab- 
stances. 

1396.  Its  chief  use  in  the  arts  is  in  making  gunpowder,  which 
consists  of  a  very  intimate  mixture  of  nitre,  sulphur,  and  charcoal.t 


*  Or  nitre  2  parts,  neutral  carbonate  of  potassa  2,  sulphnr  1,  and  sea-talt  6,  all  io 
fine  powder.   Ferossac's  BuUetin^  1828. 

CMBp«dtien  or  f  The  proportioDS  vary.  For  a  description  of  the  manufacture,  4te.,  see  lire's  Didt. 
Arit  andAianuf.  p.  620,  from  which  the  following  table  of  oomposition  of  difiereat 
gunpowders  is  taken. 


Snnpowdcn. 


Royal  Mills,  Waltham  Abbey, 
France,  national  establishment, 
French,  for  sportsmen,     - 

"         "  mining, 
U.  S.  of  America,    ... 
Prassia,       -       -       -       - 
Russia,    .       -       -       -       - 
Austria  (musquet),      - 
Spain,      -       -       -       -       - 
Sweden.      -       -       -       - 
Switzerland  (a  round  powder), 
Chinese^     .       -       -       - 
Theoreucal  proportions,  - 


Nitre.  1  CbBfcoal. 


75    • 

76 
78 
66 
76 
76 

73.76 
72 

76.47 
76 
76 
176 
75 


16 

12.6 

12 

16 

12.6 

13.5 

13.59 

17 

10.78 

15 

14 

14.4 

13.23 


Swlpbur. 


10     • 

12.5 

10 

20 

12.6 

11.6 

12.63 

16 

12.76 

9 
10 

9.9 
U.79 


JVWole  iff  Bmnfia.  886 

13d7.  Qaopowder  ez(4ode9  at  600''  F.    The  Tiolence  of  the  e»*     StcuL 
plosioQ  depending  upon  the  sudden  production  of  gaseous  matter  Prodacu  of 
resulting  from   the  action  of  (he  combustibles  upon  the  nitre.*  «;plosioo 

G,  C,  N,  and  S  are  the  principal  gaseous  results.  der. 

1398.  Gunpo\vder  may  bd  inflamed  by  a  violent  blow  ;  if  mixed  inAamed 
with  powdered  glass,  or  any  other  harder  substance,  and  struck  with  byfriciioo. 
a  heavy  hammer  upon  an  anvil,  it  almost  always  explodes. 

1399.  Nitrate  of  Soda.    NaO+NO*,  31.3  1  eq.  base  +  64.16  I  Nitrate  of 
eq.  acid  =  86.46  eq.     This  salt,  the  culne  nitre  of  old  writers,      *• 

is  analogous  in  chemical  properties  to  the  preceding.  It  crystallizes 
in  oblique  rhombic  prisms ;  but  more  commonly  in  the  form  of  an 
obtuse  rhombohedron.  It  occurs  in  the  soil  of  India,  and  covers 
large  districts  in  Peru. 

1400.  Mixed  with  charcoal  and  sulphur  it  burns,  but  more  slowly 
than  nitre.    It  may  be  advantageously  used  in  the  manufacture  of 

•  « 

both  S  and  N. 

1401.  NitraU  of  Oxide  of  Ammonium.    H*NO+N(y,   26.16,  Of  ammo- 
base  -+■  64.16  acid  =  80.3  eq.     This  salt  may  be  procured  by  the  *"*' 
direct  union  of  ammonia  with  nitric  acid  ;  or  more  easily  by  satu- 

•  •  • 

rating  dilute  N  with  carbonate  of  ammonia,  and  evaporating  the  so- 
lution. The  state  of  the  salt  varies  with  the  temperature  at  which 
the  evaporation  is  carried  on.f  At  100°  it  is  obtained  in  prismatic 
crystals  isomorphous  with  nitre ;  at  212°  it  is  fibrous,  at  300°  it 
forms  a  compact  mass  on  cooling.  The  fibrous  and  compact  varie- 
ties still  contain  water,  the  former  8.2  per  cent.,  and  the  latter  6.7. 
All  the  varieties  deliquesce  and  are  very  soluble. 

1402.  It  is  the  source  of  ii  (446).    When  heated  to  600  it  ex-  um. 

p]odes,t  being  resolved  into  water,  N,  N,  and  N.  The  fibrous  vari- 
ety yields  the  largest  quantity  of  N  ;  from  one  pound  of  the  salt 
nearly  three  cubic  feet  of  gas  may  be  obtained. 

1403.  Nitrate  of  Baryta.     BaO+NO*,  76.7  1  eq.  base  -f  54. 16  Nitrate  of 
1  eq.  acid   =   130.86  eq.     It  may  be  obtained  by  dissolving  car-  l^nrta. 

«  • 
•  •  • 

bonate  of  baryta  in  N,  evaporating  to  dryness,  redissolving  and 
crystallizing ;  it  forms  transparent  anhydrous  octohedrons,  and  it  apt 

^ • 

The  port  Jlre  nted  for  firing  artillery  is  maue  of  three  ]mrt8  of  nitre,  two  of  snlphur, 
and  one  of  gunpowder,  well  mixed  and  remmej  in  eases. 

Signal  wfUa  are  genemlly  compri»eci  nt  iiiire  and  sulphnr,  with  a  small  quantity  of -^^^j,.^ 
some  metallic  solpburet,  as  that  or  arsenic  or  antimony.    Mix  600  grains  of  nitre  with 
200  of  sulphur  ana  100  of  the  yellow  sulphuret  of  arsenic ;  put  the  mixture  into  a  cone 
of  ptper,  and  touch  it  (out  of  doors  or  under  a  large  chimney),  with  a  red-hot  iron ;  it 
will  raim  rapidly  with  a  brilliant  white  light. 

Mis  too  or  200  grains  of  sulphuret  of  antimony  with  the  same  pioportions  of  nitre 
and  sulphur  \  it  will  bum  with  a  vivid  light  having  a  bluish  tinse.  For  other  oompo- 
sitions  used  in  pyrotechny,  see  Ure's  Did.  and  Gray's  Oper.  Oiem.  496. 

*  The  volume  of  gases  produced  from  gunpowder  is  at  60^,  260  times,  and  at  the  mo- 
ment of  discharge  1000  times  grsater  than  that  of  the  powder;*  as  each  additional  p^^^**' 
vol.  of  |{as  exeru  a  force  equal  to  that  of  the  atmosphere,  lOOOX  15=^16.000  lbs.  on  a 
Muare  inch,  which  will  protect  a  buUet  with  a  force  of  2000  feet  in  a  second.  (Murray.) 
Ure  estimates  it  theoretically  at  upwards  of  2000  times  Diet*  627. 

t  Davy's  Retearehst. 

X  Henoa  it  was  formerly  called  mtFwnJhmmmB. 
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Salts— JfUraUs. 


Nitrate  of 
■trootia. 


Nitrate  of 
lime. 


Chap.  V.  to  decrepitate  by  heat  unless  previously  reduced  to  powder.  It  re- 
quires 12  parts  of  water  at  60°  and  3  or  4  of  boiling  water  for  solu- 
tion.    It  is  used  as  a  reagent,*  and  for  preparing  pure  baryta.t 

1404.  NUrate  of  Strontia.  SrO+NO*,  61.8  1  eq.  base  +  54.15 
I  eq.  acid  =  105.95  eq. ;  in  prisms  *witb  45  or  5  eq.  water  = 
150.95  eq.  This  salt  may  be  made  from  the  sulphate  or  carbonate 
of  strontia  in  the  same  manner  as  the  preceding.  It  crystallizes  in 
anhydrous  octohedons ;  it  sometimes  contains  30  per  cent,  of  water 
of  crystallization  and  then  assumes  the  form  of  the  oblique  prismatic 
system.^ 

1405.  Nitrate  of  lAme.  CaO-fNO'.  28.5  1  eq.  base  +  54.15  I 
eq.  acid  =  82.65  eq.  Nitrate  of  lime  is  a  deliquescent  sa  t,  soluble 
in  4  parts  of  water  at  60°.  It  is  found  in  old  plaster  and  mortar, 
from  the  washings  of  which,  nitre  is  procured  by  the  addition  of 
carbonate  of  poiassa  (1381).  When  moderately  heated  it  fuses,  and 
on  cooling  concretes  into  a  semitransparent  mass  known  as  Bald- 
win's phosphorus.^ 

1406.  Nitrate  of  Protoxide  of  Copper,     CuO+NO*  39.6  1  eq. 

»  • 
•  •  • 

base  +  54.15  acid  =  93.75  eq.,  is  obtained  by  the  action  of  N  on 
copper  (455).  It  crystallizes  in  prisms  of  a  deep  blue  colour,  soluble 
in  water  and  alcohol,  and  deliquescent.  By  exposure  to  a  heat  of 
400°,  a  green  insoluble  subsalt  is  obtained.il 

14D7.  When  this  salt  is  heated  to  redness,  it  yields  pure  oxide  of 
copper.     It  is  sometimes  used  as  an  escharotic     it  is  decomposed  by 

tin  with  the  evolution  of  heat  and  N. 


Nitrate  of 
copper. 


Effect  of 
heat. 


fizp. 


Spread  a  drachm  or  two  of  the  salt  in  coarse  powder  on  a  piece  of  tin>fbil, 
Terai  inches  square,  moisten  it  with  a  few  drops  of  water,  fold  it  up  quickly, 
and  lay  it  upon  a  plate ',  much  heat  will  be  evolved  and  the  metal  often  takes 
fire.ir 

1408.  Nitrates  of  the  Oxides  of  Mercury — Nitrate  of  the  Pro- 
toxide,  HgO-fNCr,  210  base  1  eq.  +  54.15  1  eq.  acid  =  264.15; 
in  crystals  with  18  or  2  eq.  water  =  282.15  eq. 


Grata  fln. 


Red  fin. 


•    •    ■ 

*  If  a  moderately  strong  solution  of  this  salt  be  added  to  N,  a  precipitation  of  nitrate 
of  baryta  takes  piace,  in  consequence  of  the  insolubility  of  the  nitrate  in  the  acid; 

hence  in  using  nitrate  of  baryta  as  a  test  of  S,  the  latter  should  be  considerably  diluted 
previous  to  its  application.    B. 

t  This  salt  is  employed  in  pyrotechny  to  impart  a  green  colour  to  flame.  The  green. 
Jire  is  composed  oi  13  parts  sulphur,  77  nitrate  of  baryta,  chlorate  of  potassafi,  arsenic 
2,  and  charcoal  3.  The  nitrate  should  be  well  dried,  powdered,  ana  mixed  wiUi  the 
other  ingredients,  the  powdered  chlorate  being  added  aderwards,  and  mixed,  with 
caution,  on  a  sheet  of  paper,  and  with  an  ivory  or  wooden  spatula. 

t  This  salt  is  used  in  the  red  Jixe  employed  at  the  theatres,  which  consists  of  40 
parts  dry  nitrate  of  strontia,  13  sulphur,  6  chlorate  of  potassa,  and  4  sulphnret  of  anti> 
mony.  The  chlorate  and  sulphuret  shonM  be  separately  powdered,  ana  mixed  on  pa- 
per with  the  other  ingredients ;  a  yery  small  quantity  ot  powdered  charcoal  may  also 
be  added. 

§  Birch's  HUt.  qfRoy.  Soc,  iii.  328. 

II  The  neutral  salt  contains  3  eq.  of  oonstitutioDal  water,  and  may  be  represented  by 
the  formula  CuO  NO^  3 HO ;  the  subsalt  is  supposed  to  be  similarly  constituted,  beinv 
a  nitrate  of  water  with  3  eq.  of  constitutional  oxide  of  copper,  and  may  be  represented 
by  the  formula  HO  NOs  3CuO.    T.  673. 

K  NUraUof  Protoxide  of  Lead    PbO+NQs,  111.6  t  eq.  base  +  54.15  1  eq.  acid 

=  165.75  eq.,  is  formed  by  digesting  litharge  in  dilute  1^. 
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MUrate  of  the  Peroxide,  HgO*+N(y,  218  1  eg.  base  +  54.16    8>et.L 
g^ij  -__  272.15  — — 

JDimtrate,  2HgO'+NO»,  436  2  eq.  base  +  54.15  acid  =  490.15 
eq. 

•  • 

The  protonitrate  is  obtained  by  digesting  mercury  in  N,  diluted  JjSJ^f' 
with  3  or  4  parts  of  water,  until  the  acid  is  saturated,  and  then  al-  mercary. 
lowing  the  solution   to  evaporate  spontaneously  in  an  open  vessel. 
The  solution  always  contains,  at  first,  some  nitrate  of  the  peroxide  ; 
but  if  metallic  mercury  is  lefl  in  the  liquid,  a  pure  protonitrate  is 
gradually  deposited.* 

1409.  When   mercury  is  heated  in  an  excess   of  strong  N,  it  is  P«niitr»i« 

..  of  OMTCUT* 

dissolved  with  brisk  eflfervescence,  owing  to  the  escape  of  N,  and 
transparent  prismatic  crystals  of  the  pemitrate  are  deposited  as  the 
solution  cools.  When  put  into  hot  water  it  is  resolved  into  a  solu- 
ble salt  the  composition  of  which  is  unknown,  and  into  a  yellow 
dinitrate  of  the  peroxide  ;t  this  is  the  mtrous  turpeth  of  old  wri- 
ters, t 

1410.  Nitrate  of  Oxide  of  Silver,  AgO+NO*,   116  1  eq.  base  J[fJ~**  «^ 
-f-  54.15  1  eq.  acid  =  170.15.     Nitric  acid  diluted  with  three  parts 

of  water,  readily  dissolves  silver,  with  the  disengagement  of  N.  If 
the  acid  contain  the  least  portion  of  hydrochloric,  the  solution  will 
be  turbid,  and  deposit  a  white  powder ;  and  if  the  silver  contain 
copper,  it  will  have  a  permanent  greenish  hue ;  or  if  gold,  that  met- 
al will  remain  undissolved  in  the  form  of  a  black  powder.^ 

The  solution  should  be  perfectly  clear  and  colourless ;  it  is  caus- 
tic, and  tinges  animal  substances  of  a  deep  yellow,  which,  by  ex- 
posure to  light,  becomes  a  deep  purple,  or  black  stain,  and  is  indeli- 
ble, or  peels  off  with  the  cuticle :  it  consists  of  reduced  silver. 

1411.  It  may  be  obtained  in  transparent  tabular  crystals,  by  evap- Crystals, 
oration.     These  crystals,  which  are  anhydrous,  undergo  the  igneous 
fusion  at  426°,  and  yield  a  crystalline  mass  on  cooling  ;  but  at  600° 

or  700°,  complete  decomposition  ensues,  the  acid  being  resolved  into 

0  and  N,  and  metallic  silver  is  left. 

1412.  When  heated  in  a  silver  crucible  it  fuses,  and  if  cast  into  Luoar 
small  cylinders,   forms    the  lapis  infemalis,   or  lunar    caustic  of**^***^' 


*  According  to  Mitscberlich,  it  is  a  sub-salt,  in  which  the  protoxide  and  acid  are  in 
the  ratio  of  208  to  36.    The  neutral  protonitrate  is  said  to  be  obtained  in  crystals,  by 

■  ■  • 

dissolTiug  the  former  salt  in  pare  water,  acidulated  with  N,  and  evaporating  sponta- 
neously without  the  contact  of  metallic  mercury  or  uncombined  oxide.  Pog,  Ann, 
iz.  387. 

t  Ann.  de  Ck.  et  Phyt.  ziz. 

t  In  preparing  these  salts  for  different  purposes,  great  attention  should  be  pai4  to 
the  strength  of  the  acid  employed,  the  temperature,  and  the  relative  proportions,  as 
all  these  circumstances  have  an  important  influence  upon  the  oxidation  of  the  mercu- 
ry and  the  nature  of  the  resulting  salt.    R. 

f  A  yery  useful  solvent  of  silver  is  formed  by  dissolvinc  one  part  of  nitre  in  about  2(itt»«iiphorio 
eight  or  ten  parts  by  weight  of  concentrated  sulphuric  acid*  This  compound  (which  Mid. 
may  be  called  Tdiro-Bvlphuric  acid)  when  heated  to  between  100°  and  200*^  F.  die* 
solves  one  fifth  or  one  sixth  its  weight  of  silver,  with  an  extrication  of  nitrous  gas; 
and  leaves  untouched,  any  copper,  gold,  lead,  or  iron,  with  which  the  silver  may  be 
combined.  Hence  it  is  a  most  useful  agent  in  extracting  silver  from  old  plated 
goods.  The  silver  may  be  recovered  from  the  solution  by  adding  common  sail,  and 
the  chloride  of  silver  formed  may  be  decomposed  by  carbonate  of  soda. 
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SaU9—MircUei, 


SoiobUity. 


BlTaetof 
light. 


Chip.  V.  pharmacy ;  the  or  genii  nitras  of  the  Pharmacop.  In  forming  this 
preparation,  care  should  be  taken  not  to  overheat  the  salt,  and  the 
moulds  should  be  warmed.  When  pure  it  is  white  and  transparent, 
and  does  not  deliquesce  on  exposure  to  the  air  ;  but  common  lunar 
caustic  is  often  dark  and  opaque,  and  dissolves  imperfectly  in  water, 
owing  to  some  of  the  nitrate  being  decomposed  during  its  prepara- 
tion. It  is  impure,  also,  containing  nitrate  of  protoxide  of  copper, 
and  traces  of  gold. 

1413.  The  pure  salt  is  soluble  in  its  own  weight  of  cold  and  in 
half  its  weight  of  hot  water.  It  dissolves  also  in  4  times  its  weight 
of  alcohol.  Its  auueous  solution,  if  preserved  in  clear  glass  ves- 
sels, undergoes  little  or  no  change  even  in  the  direct  rays  of  the 
sun  ;  but  when  exposed  to  light,  especially  to  sunshine,  in  contact 
with  paper,  the  skin,  or  any  organic  substance,  a  black  stain  is  pro- 
duced, owing  to  decomposition  of  the  salt  and  reduction  of  its  oxide 
to  the  metallic  state.  This  change  is  so  constant,  that  this  salt 
constitutes  an  extremely  delicate  test  of  the  presence  of  organic 
matter.  Its  solution  is  a  delicate  test  also  of  chlorine  and  hydro- 
chloric acid. 

1414.  Sulphur,  phosphorus,  charcoal,  hydrogen,  and  several  of 
the  metals,  decompose  this  nitrate. 

A  few  grains  mixed  with  a  littlo  sulphur,  and  struck  upon  an  anvil  with  a 
heavy  hammer,  produce  a  detonation  ;  phosphorus  occasions  a  violent  exploaon 
when  about  hair  a  grain  of  it  is  placed  upon  a  crystal  of  the  nitrate,  upon  an 
anvil,  and  struck  shatply  with  a  hammer ;  and  if  heated  with  charcoal,  it  defla- 
grates, and  the  metal  is  reduced. 

If  a  piece  of  silk  dipped  into  a  solution  of  nitrate  of  silver  be  exposed  while 
moist  to  a  current  of  hydrogen  gas,  it  is  first  blackened,  and  afterwalrds  becomes 
iridescent  from  the  reduction  orportions  of  the  metal.* 

A  stick  of  clean  phosphorus,  intn>duced  into  a  solution  of  nitrate  of  silver, 
soon  becomes  beautifully  incrusted  with  the  metal,  which  separates  upon  it  in 
arborescent  crystals.  A  plate  of  copper  occasions  a  brilliant  precipitation  of 
silver,  and  the  copper  is  oxidized  and  dissolved  by  the  acid. 

The  precipitation  of  silver  by  mercury  produces  a  peculiar  ar- 
rangement, called  the  arbor  DiaiuB  (1244.) 

1415.  Nitrate  of  silver  is  employed  for  writing  upon  linen  under 
the  name  ofinddible  or  marking  ink^i  and  is  an  ingredient  in  many 
of  the  liquids  which  are  sold  for  the  purpose  of  changing  the  col- 
our of  hair ;  but,  when  thus  employed,  it  should  be  very  much  di- 
luted, and  used  with  extreme  caution. 

1416.  White  paper,  or  white  leather,  when  stained  -with  a  solution  of  nitrate 
of  silver,  in  the  proportion  of  ten  parts  of  water  to  one  of  the  salt,  undergoes 
no  change  in  the  dark ;  but  when  exposed  to  the  licht  of  day,  it  gradually  ac- 
quires colour,  and  passes  throuch  a  succession  of  cnances  to  black.  The  com- 
mon sun-beams,  passing  tbrou|^  red  class, have  very  little  eflect  upon  it;  yellow 
and  green  are  more  efiicacious ;  but  blue  and  violet  produce  the  most  decidedly 
powerful  eflecis.  Hence  this  property  furnishes  a  method  of  copying  paintings 
on  glass,  and  transferring  them  to  leather  or  paper .t 


Action  of 
sulphor, 

Exp. 


Bxp. 
Exp. 

Arbor  Di- 


lodelible 
ink. 


*  See  Mrs  Fulhame's  Euay  on  CombuHion. 

1 100  grs.  of  the  nitrate  may  be  dissolved  in  distilled  water,  and  2  or  3  drachms  of 
mucilage  be  added.  The  prcpamtory  liquid  maybe  made  with  half  an  ounce  of  car- 
bonate ol  soda  dissoWed  in  2  or  3  ounces  of  water,  adding  half  an  ounce  of  mucilage. 
This  ink  is  discharged  by  chlorine  and  ammonia. 

t  See  description  of  the  process  by  Wedewood  in  Nicholson's  Jour.  iii.  167,  and 
Talbot  on  Photogenic  drawing,  Land,  and  JSdin,  Phil,  Mag.  xiv. 
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By  a  uinilBr  proceis,  ivorj  may  be  coTered  with  viWer.    Let  a  slip  of  ivory     Beet.  I.' 
•    be  immeraed  in  a  dilute  lolution  of  pare  nitrate  of  silver,  till  the  ivory  has  ac-  ZTj      ;       ^ 
quired  a  bright  yellow  colour.    Then  reoiove  it  into  a  tunabler  filled  with  die-  p*^«""8  o» 
tilled  water,  and  expose  it  to  the  direct  light  of  the  sun.    After  two   or  three  ^^'*' 
hours'  exposure,  it  will  have  become  black ',  but  on  tubbing  it  a  little,  the  sur- 
fiice  will  be  changed  into  a  bright  metallic  one,  resembling  a  slip  of  pure  silver. 
As  the  solution  penetrates  deep  into  the  ivory,  the  bright  surface  when  worn 
away,  is  replaced  by  a  succession  of  others.    U.  2. 124. 

1417.  Nitrites. — Our  knowledge  of  the  compounds  of  nitrous 
acid  with  alkaline  bases  is  imperfect. 

1418.  Chlorates, — The  salts  of  chloric  acid  are  very  analogous  to  chlontes. 
the  nitrates.     As  the  chlorates  of  the  alkalies,  alkaline  earths,  and 

most  of  the  common  metals,  are  composed  of  1  eq.  of  chloric  acid 
and  1  eq.  of  a  protoxide,  MO-f-ClO',  it  follows  that  the  oxygen  of 
the  latter  to  that  of  the  former  is  in  the  ratio  of  1  to  5. 

1419.  The  chlorates  are  decomposed  by  a  red  heat,  nearly  all  ofDeoompo- 
them  being  converted  into  metallic  chlorides,  with  evolution  of  pure  Mdhyhsat. 
oxygen  gas.     They  deflagrate   with    inflammable  substances   with 
greater  violence  than  nitrates,  yielding  oxygen   with  such  facility 

that  an  explosion  is  produced  by  slight  causes. 

Mix  a  few  grains  of  sulphur  with  three  times  its  weight  of  chlorate  of  potas-  ^^^ 
sa,  wrap  the  mixture  ib  tin  foil,  and  strike  it  forcibly  upon  an  anvil.* 

1420.  All  the  chlorates   are  soluble  in    water,  and  are  distin- sofgi^mij 
guished  by  the  action  of  strong  hydrochloric  and  sulphuric  acids,  the  ofcblo- 
former  of  which  occasions  the  disengagement  of  chlorine  and  pro**^^^* 
toxide  of  Alorine  (641),  and  the  latter  of  peroxide   of  chlorine 
(652).    T. 

1421.  Chlorate  of  Potassa.     This  salt,  formerly  called  oxymuritLte  chionttot 
or  hyper-oxymuriate  of  potassa,  is   formed   by  passing   chlorine  potaasa. 
through  a  solution  of  potassa.     Chloride  of  potassium  is  one  of  the 
results,  the  other  is  the  chlorate  of  potassa. 

This  salt  is  prepared,  upon  the  large  scale,  by  charging  Woulfe's  bottles  (634  g^^  q|j. 
note),  with  solution  of  carbonate  of  potassa,  and  passins  chlorine  slowly  through  tained. 
it  :t  the  fBa  is  absorbed,  and  the  liquor  effervesces  chieny  from  the  escape  of  car- 
bonio  acid ;  when  this  has  ceased,  the  liquor  may  be  pat  aside  in  a  cold  dark 
pluce  for  about  24  hours,  when  it  will  be  found  to  have  deposited  a  considerahle 
portion  of  the  crystallized  chlorate  which'may  be  taken  out,  drained,  and  purified 
by  solution  in  not  water,  which,  during  cooling  again,  deposits  the  salt  in 
white  crystalline  scales.  The  liquor  is  generally  of  a  pinkish  hue,  from  the  pre- 
sence ofinangane8e.t 

1422.  The  crystals  are  four  and  six  sided  scales,  of  a  pearly  lustre.  Crystals. 
Its  forms,  according  to  Brooke,  belong  to  the  oblique  prismatic  sys- 
tem.    It  is  soluble  in  16  times  its  weight  of  water  at  60°,  and  in  two 

and  a  half  of  boiling  water.  It  is  anhydrous,  and  when  exposed  to 
a  temperature  of  400°  or  500°,  fuses.  By  an  increase  of  heat,  nearly 
to  redness,  pure  oxygen  gas  is  disengaged  (365-4). 

1423.  It  acts  very  energetically  upon  many  inflammables.  Actiraop- 

Rub  two  grains  into  powder  in  a  mortar,  and  add  one  grain  of  sulphur.    Mix  nn^^i^,, 
them  very  accurately,  by  gentle  triture,  and  then,  having  collected  the  mixture  f^p. 

*  This  experiment  requires  caution,  and  is  made  more  safely  by  placing  the  mix- 
ture under  a  long  bar  of  wood,  fitted  to  a  groove,  which  can  be  dri?eu  down  by  a 
smart  blow.    W. 

tThe  tube  which  is  immersed  in  the  alkaline  solution,  should  Ite  at  least  half  an 
inch  in  diameter,  to  prevent  its  being  cboaked  by  crystals  that  may  form. 

tSsa  another  prooess  by  Hayes  in  Amer.  Jour.,  svii.  408. 


340 


SalU — Chlorates. 


Chap.  V.    to  oDa  part  of  the  mortar,  press  the  pestle  down  upon  it  suddenly,  and  fereibly. 
A  loud  detonation  will  ousue. 

Mix  five  grains  of  the  salt  with  half  the  quantity  of  powdered  charcoal  in  a 
similar  manner.  On  triturating  the  mixture  strongly,  it  will  inflame,  especially 
with  the  addition  of  a  grain  or  two  of  sulphur,  but  not  with  much  noise. 

1424.  When  sulphuric  acid  is  poured  upon  mixtures  of  this  salt 
and  combustibles,  instant  ignition  ensues  in  consequence  of  the  evo- 
lution of  peroxide  of  chlorine ;  and  when  sulphuric  or  nitric  acids 
are  poured  upon  similar  mixtures  under  water  by  means  of  a  long 
funnel,  inflammation  also  ensues. 
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Mix  a  small  quantity  of  sugar  with  half  its  weight  of  the  salt,  and  on  the  mix* 
ture  pour  a  little  sulphuric  acid.*  A  sudden  and  vehement  inflammation  will  be 
produced. 

Phosphorus  may  be  inflamed  under  the  surface  of  the  water,  by  means  of  this 
salt.  Put  into  a  tall  wine  glass,  one  part  of  phosphorus  with  two  of  the  salt ;  fill 
it  nearly  with  water,  and  slowly  pour  in,  by  means  of  a  glass  tube,  reaching  to 
the  bottom,  three  or  four  parts  of  sulphuric  acid.  The  phosphorus  takes  fire,  and 
burns  vividly  under  the  water.  These  experiments  reouire  caution  lest  the  in- 
flamed substances  should  be  thrown  into  the  eyes.  Oil  may  also  be  thus  in- 
flamed on  the  surfiice  of  water,  the  experiment  being  made  with  the  omission  of 
the  phosphorus,  and  the  substitution  oi  a  little  olive  or  linseed  oil. 

1425.  Chlorate  of  potassa  should  not  be  kept  mixed  with  sulphur 
in  considerable  quantity,  as  the  mixture  may  explode  spontane- 
ously, t 

1426.  A  few  grains  of  chlorate  of  potassa  put  into  a  tea-spoonful 
of  hydrochloric  acid,  and  then  diluted  with  water,  fornyin  extempo- 
raneous bleaching  liquor. 

1427.  Chlorate  of  Baryta  is  the  compound  employed  in  the  for- 
mation of  chloric  acid  (657.) 

The  readiest  mode  of  preparing  it  is,  to  digest  for  a  few  minutes  a  concentrated 
solution  of  chlorate  of  potassa  with  a  slight  excess  of  silicated  hydrofluoric  acid, 
the  alkali  is  precipitated  in  the  form  of  an  insoluble  double  fluoride  of  silioon 
and  potassium,  while  chloric  acid  remains  in  solution.  The  liquid  after  filtra- 
tion IS  neutralized  by  carbonate  of  baryta,  which  throws  down  the  excess  of  sili- 
cated hydrofluoric  acid,  and  chlorate  of  baryta  is  left  in  solution. 

Grysuls.  By  evaporation  it  yields  prismatic  crystals,  requiring  for  solution 
four  times  their  weight  of  cold,,  and  a  still  smaller  quantity  of  hot 
water.  They  are  composed  of  76.7  parts  1  eq.  of  baryta,  75.42  I 
eq.  of  chloric  acid,  and  9  or  1  eq.  of  water.     T.  677. 

*  A  mixture  of  this  kind  is  the  basis  of  matches,  for  the  purpose  of  procoring  iostan- 
tsneous  light.  The  bottle  into  which  they  are  dipped,  contains  concentrated  sulphuric 
acid  which  is  prevented  from  escaping  by  a  quantity  ot  finely  spun  glass  or  the  fibres 
of  amianthus.  30  parts  of  powdered  chlorate  of  potassa,  10  of  powdered  sulphur,  8  of 
sugar,  6  of  gum  arabic,  anfl  a  liule  cinnabar.  Tne  sugar,  gum,  and  salt  are  firet  rob- 
bed together  into  a  paste  with  sufiicient  water ;  the  sulphur  is  then  added,  and  the 
whole  being  well  beaten  together,  small  brimstone  matches  are  dipped  in,  so  as  to  retam 
a  thin  coat  of  the  mixtare  upon  tnelr  sulphuretted  points. 

A  very  convenient  method  of  obtaining  a  flame,  is  to  dip  the  end  of  a  piece  of  paper 
in  spirits  of  turpentine,  drop  upon  it  a  few  scales  of  the  salt,  and  then  a  drop  or  sul- 
phuric acid. 

One  of  the  compounds  occasionally  employed  in  percussion  gun-locks  contains  this 
salt;  10  parts  of  gunpowder  are  rubbed  with  water,  and  the  soluble  part  poured  off*; 
the  remaining  paste  is  then  mixed  with  6^  parts  of  finely  powdered  chlomte  of  potassa, 
and  a  drop  of  it  put  into  each  of  the  small  copper  caps  adapted  to  the  peculiar  touch- 
hole  of  the  gun.  The  sreat  dissdvanta^  of  this  compound  is  that  it  forms  producu 
which  corrode  the  touchhole ;  (ulminating  mercury  is  preferable. 

t  It  was  proposed  by  Berthollet  to  substitute  this  salt  for  nitre,  in  the  preparation 
of  gunpowder  and  the  attempt  was  made  at  Essooe  in  1788 ;  but,  as  might  have  been 
expected,  no  sooner  was  the  mixture  of  the  chlorate  with  the  sulphur  and  charcoal 
submitted  to  trituration,  than  it  exploded  with  ▼ioleooa,  and  woyed  filial  to  mftnl 
peopls. 
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1428.  Perchlorates,    The  neutral  proto-salts  of  pewhloric  acid    Seet.  i. 
consist  of  1  eq.  acid  and  base,  as  is  expressed  by  the  formula  M0+  Perchlo- 
Cl'O^.     Most  of  these  salts  are  deliquescent,  very  soluble  in  water,  '•***• 
and  soluble  in  alcohol.     Heated  to  redness  they  yield  oxygen  gas  ^ff  *  r 
and  metallic  chlorides ;  and  they  are  distinguished  from  the  chlorates  heat, 
by  not  acquiring  a  yellow  tint  on  the  addition  of  hydrochloric  acid. 

1429.  The  solubility  in  alcohol  of  the  perchlorates  of  baryta,  soda,  Solubility 
and  oxide  of  silver,  is  a  property  which  the  analytical  chemist  may  Jig^lli 
avail  himself  of  in  analysis,  for  the  separation  of  potassa  and  soda 

from  each  other. 

1430.  Chlorites,     The  alkaline  salts  of  chlorous  acid  are  readily  Chlorites, 
made  by  transmitting  a  current  of  chlorous  acid  gas  into  a  sohition 

of  the  pure  alkalies.    They  are  soluble  in  water,  and  are  remarkable 
for  their  bleaching  and  oxidizing  properties.     By  the  latter  proper-  Recog- 
ties  and  the  evolution  of  chlorous  acid  on  the  addition  of  any  of  the  nised. 
stronger  acids  their  presence  is  readily  recognised. 

1431.  Hypochlorites.     The  hypochlorites  may  be  produced  by  the  Hypochlo- 
addition  of  chlorine  gas  on  the  salifiable  bases.     The  most  impor-  rites, 
tant  of  them  is  hypochlorite  of  lime,  the  well  known  bleaching 
powder  (901).     During  absorption  of  the  chlorine,  chloride  of  calci- 
um and  hypochlorite  of  lime  are  produced  in  equivalent  propor- 
tions.* 

1432.  It  is  a  dry  white  powder,  with  the  odour  of  chlorine  and  a  Bleaching 
strong  taste.  It  dissolves  partially  in  water  and  the  solution  bleaches ;  powder, 
it  contains  both  chlorine  and  lime ;  the  undissolved  portion  is  hy- 
drate of  lime,  retaining  a  small  quantity  of  chlorine.     The  solution 

19  decomposed  by  exposure,  its  chlorine  being  set  free,  and  carbonate 
of  lime  generated. 

1433.  It  is  largely  employed  in  bleaching,  for  the  purpose  of  re-  Uses, 
moving  offensive  odours,  and  of  arresting  putrefaction.!     With  hy- 
drocblorate  of  ammonia  it  affords  nitrogen  gas  from  the  decomposi- 
tion of  the  ammonia  (420). 

Into  a  small  tubulated  retort  introduce  the  bleaching  salt,  add  sufficient  water 
to  brin^  it  to  the  consistence  of  cream ;  drop  in  lumps  of  the  hydrochlorate  of 
ammonia ;  effervescence  will  take  place,  and  the  nitrogen  be  disengaged. 

1434.  lodates.     The  general  character  of  the  iodates  is  similar  to  lodates, 
that  of  the  chlorates.     In  all  neutral  protiodates  the  oxygen  contained  i^eirgcner- 
in  the  oxide  and  acid  is  in  the  ratio  of  1  to  5.     They  deflagrate  with  ter, 
combustibles,  and  yield  oxygen  gas  at  a  red  heat,  a  metallic  iodide 
remaining. 

1435.  The  iodates  are  recognised  by  the  facility  with  which  their  R.«co8f' 
acid  is  decomposed  by  deoxidizing  agents.     Hydrosulphuric  acid  oc-  ° 
casions  the  formation  of  hydriodic  acid,  by  yielding  hydrogen  to  the 
iodine.     Hence  an  iodate  of  potassa  may  be  converted  into  the  iodide 

by  transmitting  a  current  of  HS  through  its  solution.  The  iodates 
are  very  sparingly  soluble,  or  actually  insoluble  in  water,  excepting 
the  iodates  of  the  alkalies. 

1436.  Iodate  of  Potassa  may  be  procured  by  adding  iodine  to  a  Iodate  of  \ 
concentrated  hot  solution  of  pure  potassa,  until  the  alkali  is  com-  P®^"** 

pletely  neutralized. 

*  Tomer. 

t  For  details  respecting  its  manufacture,  &c.,  see  Ure's  Did.  of  Arttf  A(c.,  and  for 
the  methods  of  esumating  the  value  of  this  sufavtaooe,  see  page  243. 
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Chap.  V.  The  Uqaid,  which  contaim  an  iodate  and  iodide  ia  eTaporated  to  drjii^flB  br 
a  gentle  heat,  and  the  residue,  when  cold,  is  treated  by  repeated  portions  of  boif- 

"PfoeeMMf  ing  alcohol.  The  iodate,  which  is  insoluble  in  that  menstruum,  is  left,  while 
the  iodide  of  potassium  is  dissolved. 

Another.  -^  better  process  is  founded  on  the  propertr  which  iodide  of  potassium  poa- 

sesses,  of  absorbing  oxygen  whilo  in  the  act  otescaping  from  decomposing  chlo- 
rate of  potassa.    For  this  purpose, 

Henry*8.  Iodide  of  potassium  is  fused  in  a  capacious  Hessian  crucible,  and  when,  after 

removal  from  the  fire,  it  is  yet  semi-fluid,  successive  portions  of  pulverized  chlo- 
rate of  potassa  are  projected  into  it,  stirrins  well  after  each  addition.  The  ma- 
terials froth  up  considerably,  and  when  the  action  is  over,  a  white,  opaque, 
cellular  mass  remains,  easily  separable  from  the  crucible ;  tepid  water  dissolves 
out  the  chloride  of  potassium,  and  leaves  the  iodate.  Convenient  proportions 
are  one  part  of  iodide  of  potassium  and  rather  more  than  one  and  a  half  of  chlo- 
rate of  potassa.* 

Use.  1437.  From  this  salt  all  the  insoluble  iodates  may  be  procured  by- 

double  decomposition.  Thus  iodate  of  baryta  may  be  formed  by 
mixing  chloride  of  barium  with  a  solution  of  iodate  of  potassa. 

The  Bromates  have  many  characters  in  common  with  the  chlo- 
rates and  iodates.     T. 
Phos-  1438.  Phosphates,     As  there  are  three  isomeric  raodiBcations  of 

pbates.       jjjg  gaiue  acjd^  which  have  been  described  under  the  names  of  phos- 
phoric,  pyrophosphoric,  and  metaphosphoric  acid  (page  174),  it  is  ne- 
IStn^        cessary  to  have  three  corresponding  families  of  salts,  the  phosphates^ 
pyrophosphates  ^nd  metaphosphatesA 

1439.  All  the  protophosphates  which  are  neutral  in  composition  are 
phates.  ****  soluble  in  water,  and  redden  litmus  paper ;  whence  they  are  com- 
Triphos-  i  ("only  called  superphosphates.  The  triphosphates,  except  those 
phates.  of  the  pure  alkalies,  are  either  sparingly  soluble  or  insoluble  in  wa- 
ter; but  they  are  all  dissolved  by  dilute  nitric  or  phosphoric  acid, 
Effect  of  being  converted  into  the  soluble  phosphates.  All  the  triphosphates 
heat  Mrith  fixed  and  strong  bases  bear  a  red  heat  without  change ;  but  the 

phosphates  and  diphosphates,  to  judge  from  experiments  on  the  soda 
salts,  are  converted  into  metaphosphates  and  pyrophosphates.  Most 
of  the  phosphates  of  the  second  class  of  metals  are  resolved  into 
phosphurets  by  the  conjoint  agency  of  heat  and  combustible  matter. 
The  phosphates  of  the  alkalies  are  only  partially  decomposed  un- 
der these  circumstances,  and  the  phosphates  of  baryta,  strontia,  and 
lime,  undergo  no  change. 
Soluble  1440.  The  presence  of  a  soluble  phosphate  may  be  distinguished 

SetoSed*"  by  the  test  for  phosphoric  acid.t 

'         The  insoluble  phosphates  are  decomposed  when  boiled  with  a 

*JouT.  de  Phar.,  July,  1833 

Formaia  '*'  ^"  cquiv.  of  each  of  the  three  acids,  is  a  compound  of  31 .4  parts  or  2  eq.  of  phoe- 

{ihoras  -h  40  parts  or  6  eq.  of  oxygen  =  71.4.  expressed  by  the  formula  P^^.  To 
brm  a  salt  neutralin  composition  I  eo.  of  an  alkaline  base  is  requisite,  and  io  the  case 
of  any  protoxide,  indicated  by  MO,  ine  general  formula  will  be  MO+PW.  If  2  eg. 
of  a  protoxide  are  united  with  one  of  the  acid,  we  have  a  ditaltj  2M0-fP'0';  and  if3 
eq.  of  a  base  combine  with  1  eq.  of  the  acid,  it  is  a  trisalt,  3MO+P^Os.  It  seems  also 
Wmurabu*.  that  water  plays  the  part  of  an  alkaline  base  towards  each  of  the  three  acids,  either 
alone  or  conjointly  with  another  base;  the  salts  with  such  compound  bases  can 
scarcely  be  viewed  in  the  light  of  double  salts,  since  the  two  bases  act  together  as  one 
electro- positive  element. 

TMoTpbaa.        t  When  phosoboric  acid  is  neutralized  by  ammonia  and  mixed  with  nitrate  of  oxide 
phoric  add.      of  silver,  the  yellow  phosphate  of  that  oxide  subsides,  a  character  by  which  it  is  dis> 
lingnished  from  all  acids,  except  the  arsenious.    T.  316. 
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strong  solution  of  carbonate  of  potassa  or  soda,  the  acid  uniting  with    secui. 

the  alkali  so  as  to  form  a  soluble  phosphate ;  the  earthy  phosphates  insoluble,  . 

require  continued  ebullition,  and  should  preferably  be  fused  with  an  decompo-  i 

alkaline  carbonate,  like  an  insoluble  sulphate,     t.  ^  se  . 

1441.  THphosphate  of  Soda.  3N0+P0*,  93.9  3  eq.  base  +  ^  .  I 
71.4  1  eq.  acid  =  165.3 ;  in  crystals  with  216  or  24  eq.  water  =  so?a,  '  i 
381.3.     This  salt  is  made  by  adding  pure  soda  to  a  solution  of  the  Process. 

succeeding  compound  until  the  liquid  feels  soapy  to  the  fingers,  an 
excess  of  soda  not  being  injurious.  The  liquid  is  then  evaporated 
until  a  pellicle  appears,  and  the  crystals  which  form  on  cooling  are 
quickly  redissolved  in  water  and  recry stall ized. 

1442.  The  crystals  are  colourless  six-sided  prisms,  with  a  strong  properties, 
alkaline  taste  and  reaction,  requiring  five  times  their  weight  of  wa- 
ter at  60°  for  solution.     They  fuse  at  170°,  and  may  be  exposed  to 

a  red  heat  without  losing  their  characters  of  a  phosphate.  The 
feeblest  acids  deprive  the  salt  of  one  third  of  its  soda. 

1443.  Triphoiphate  qf  Soda  and  Bask   Water.      2NaO.HO+  Triphos- 
P'0»,  62.6  2  eq.  soda,  9  1  eq.  water  -f  71.4  1  eq.  acid  =  143  ;  in  J^i^^/j 
crystals  with  216  or  24  eq.  water  =  359,  with  135  or  15  eq.  water  basic  wk- 
=  278.     This  salt  is  the  roost  common  of  the  phosphates,  being  ^i 
manufactured  on  a  large  scale  by  neutralizing  with  carbonate  of  soda 

the  acid  phosphate  of  lime  procured  by  the  action  of  sulphuric  acid 
on  burned  bones  (p.  169).  It  is  generally  described  as  the  neutral 
phosphate  of  soda. 

1444.  It  crystallizes  best  out  of  an  alkaline  solution  ;  but  however  Crystals, 
prepared  is  always  alkaline  to  test  paper.     The  crystals  effloresce, 

and  require  four  times  their  weight  of  cold,  and  twice  their  weight 
of  hot  water  for  solution. 

1445.  Add  Triphosphate  of  Soda  and  Bask  Water.     NaO.  2H0  AcidTriph. 
-fPO',  31.3  1  eq.  sod.  18  2  eq.  water  +  71.4  1  eq.  acid  =  120.7  ;  |.  "d 

in  crystals  with  18  or  2  eq.  water  =  138.7.  This  salt,  commonly  ^"**^' 
called  biphosphate  of  soda,  may  be  formed  by  adding  phosphoric  acid 
to  a  solution  of  carbonate  of  soda,  or  to  either  of  the  preceding  phos- 
phates, until  it  ceases  to  give  a  precipitate  with  chloride  of  barium.  Crystals. 
Being  very  soluble  in  water,  the  solution  must  be  concentrated  in 
order  that  it  may  crystallize.  This  salt  is  capable  of  yielding  two 
diflerent  kinds  of  crystals  without  varying  its  composition.^ 

1446.  Triphosphate  of  Soda,  Chide  of  Ammonium^  and  Basic 
Water,  NaO.,  H*NO.  HO+FO*,  31.3  1  eq  soda.  26.15  1  eq.  ox. 
am.  9  1  eq.  water  -j-  71.4  1  eq.  tfcid  =  137.85  eq. ;  in  crystals 
with  72  or  8  eq.  water  =  209.85.  Prepared  by  mixing  1  eq.  of 
hydrochlorate  of  ammonia  and  2  eq.  of  the  neutral  phosphate  of 
soda,  each  being  previously  dissolved  in  a  small  quantity  of  boiling 
water.     It  has  been  long  known  as  microcosmic  salt,  and  is  much  m/cs3t?" 

*  For  which  see  Liebig  and  Turner's  Elem.  684. 

Triphosphate  of  Pottusa.  3KO+P80«,  141.46  3  eq.  base  +  71.4  I  eq.  acid  = 
212.66.    Formed  by  adding  csustic  potassa  in  excess  io  a  solution  of  phosphoric  acid. 

Triphoaphate  of  Potassa  and  Basic  Water.  2K0.H0+P*0«,  94  3  2  eq.  KO,  9  1  eq. 
HO  +  71 .4  1  eq.  acid  =  174.7.  Prepared  by  neutralizing  the  superphosphate  of  lime 
from  hones  with  carbonate  of  potassa. 

Add  Tr^hosphaU  of  Potassa  and  Basic  Water.  K0.2HO+PsO»,  47. 1 6  I  eq.  pot. 
18  2  eq.  water  -V  71.4  1  eq.  add  =  136.66  eq.  Formed  by  adding  phosphoric  acid  to 
carbonate  of  potassa  ontil  the  Hqnid  ceases  to  give  a  precipitate  with  chloride  of  Muri- 
um, and  setting  aside  to  crystallise. 
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Chap.  V.  employed  in  experiments  with  the  blow-pipe.     When  heated  it  parts 
with  its  water  and  ammonia,  and  a  very   fusible  metaphosphate  of 
soda  remains.* 
Phosphates      1447.  Phosphates  of  Lime,     The  peculiar  compound  called   the 
of  lime,      i^ifn^  phosphate^i  exists  in  banes  after  calcination,  and  falls  as  a  gela- 
tinous precipitate  on  pouring  chloride  of  calcium  into  a  solution  of 
the  rhombic  phosphate  of  soda,  or  on  adding  ammonia  to  a  solution 
of  any  phosphate  of  lime  in  acids.t 
Triphos-         1448.   Triphosphate    of  lAnu  and  Basic    Water,  2CaO.  HO-{- 
phate,        PCy,  67  2  eq.  lime,  9  1  eq.  water  +  71.4  1  eq.  acid  =  137.4  eq. 
This   salt  is  commonly  called  neutral  phosphate;  it  falls    as   a 
granular  precipitate  when  the  rhombic  phosphate  of  soda  is  added 
drop  by  drop  to  chloride  of  calcium  in  excess.     The  triphosphate  of 
lime  occurs  in  the  mineral  called  apatite. 
.  . .    .  1449.  Acid  Triphos.  of  Lime  and  Basic  Water,  Ca02HO  + 

phSsphate  F'0»,28.5  leq.lime.  18  2  eq.  water +  71.4  1  eq.  acid  =  117.9. 
and  tasic  This  is  called  the  hipho^phate  from  its  acid  reaction,  and  is  formed 
w>ter.  i^y  dissolving  either  of  the  preceding  salts  in  a  slight  excess  of  phos- 
phoric acid.  It  exists  in  the  urine. 
Of  magne-  1450.  Triphosphate  of  Magnesia  and  Basic  Water,  is  formed 
su.  by  mixing  hot  saturated  solutions  of  the  rhombic  phosphate  of  soda 

and  sulphate  of  magnesia,  and  separates  on  cooling  in  small   crys- 
tals which  contain  13  eq.  of  water  to  1  of  the  salt. 
Phosphate       1451.    The  phosphate  of  ammonia  and  magnesia,  subsides  as  a 

®*^5™°***"'* pulverulent  frranular  precipitate  from  neutral  or  alkaline  solutions, 
and  magne- '^     ^  .    .         u       u     •        -j  j  r*   •  ji 

«ia.  contammg  phosphoric  acid,  ammonia,  and  magnesia.     It  is  readily 

dissolved  by  acids  and  is  sparingly  soluble  in  pure  water,  especially 
when  carbonic  acid  is  present ;  but  it  is  insoluble  in  a  solution  of 
most  neutral  salts,  such  as  hydrochlorate  of  ammonia.  It  consti- 
tutes one  variety  of  urinary  concretions,  according  to  Berzelius  it 

consists  of 

Phosphoric  acid                       71.4  1  eq.  P^Os. 

Magnesia  .                41.4  2  eq.  2MeO. 

Ammonia                                 34.3  2  eq.  2HsN. 

Water  .        .        90  10  eq.  IHO. 

Effect  of         1462.  By  a  red  heat  it  loses  its  water  and  ammonia,  and  the 
beat  residue  is  diphosphate  of  magnesia,  which  contains  36.67  per  cent. 

of  pure  magnesia.     At  a  strong  red  heal  it  fuses,  and  appears  when 

cold  as  a  white  enamel. 

Triphos-  1453.   Triphosphate  of  Oxide  o/ iSt7oer  subsides,  of  a  character- 

phate  of      istic  yellow  colour,  (1440)  when  the  rhombic  phosphate   of  soda  is 
silver. 

mixed  in  solution  with  nitrate  of  oxide  of  silver,  N  being  set  free  at 

•  •  •  • 

•  ■  •  •  •  • 

the  same  time.     This  salt  is  very  soluble  in  N  and  P,  forming  the 

*  TriphosphaU  of  Oxide  of  Am.  and  Basic  Waier,  2H*N0.  HO+  P»0«,  58.30  2 
eq.  ox.  Am.  9  1  eq.  water  +71.4  1  eq.  acid  =  1S2.70  eq.,  formed  hy  adding*  ammo- 
nia to  concentrated  phosphoric  acid  until  a  precipitate  appears.  On  applying  heat, 
the  precipitate  is  dissolved,  and  on  abandoning  the  solation  to  itself,  the  neutral  salt 
crysullizes.  The  crystals  are  oblique  rhombic  prisms,  the  smaller  angle  being  84^ 
SOf. 

t  Bone  Phosphaii  of  Ume,  SCaO+aPOs,  228  8  eq.  base  +  214.2  3  eq.  acid  = 
44SA  eq. 

t  TWjaAo^pftote  qf  Lime,  SCaCH-P^CX,  86.6  8  eq.  basa  +  71.4 1  eq.  add  a  ifiG^S. 
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soluble  pho8])hate  and  in  ammoDia.    It  is  blackened  by  ezposaie  to     Stci.t. 
light. 

1464.  When  phosphoric  acid,  with  the  aid  of  heat  is  made  to 
combine  with  2  eq.  either  of  water  or  some  fixed  base,  the  modifica- 
tion  of  phosphoric  acid,  termed  pyrophosphoric  (569)  is  procured.  TWphot. 

Combined  with  bases  it  forms  pyrophospkaies.*  poatM. 

1455.  The  oxides  of  most  metals  of  the  second  class  yield  with 
this  acid  insoluble  or  sparingly  soluble  salts,  which  may  be  pre- 
pared by  double  decomposition  with  dipyrophosphate  of  soda.t 

1456.  ArseTUates*  Arsenic  acid  resembles  the  phosphoric  in  com-  Aiseaiates. 
position  and  in  many  of  its  properties.    It  forms  tribasic  salts.  Those 

with  2  eq.  of  basic  water  are  soluble  in  water  and  redden  litmus ; 
with  1  eq.  of  basic  water,  in  which  the  oxygen  of  the  alkaline  base 
and  acid  is  as  2  to  5,  the  salt  is  usually  called  a  neutral  arseniate. 
When  no  basic  water  is  present*  the  salt  is  usually  described  as  a 
subarseniate. 

1457.  Many  of  the  arseniates  bear  a  red  beat  without  decomposi-  EShtt  of 
tion,  but  they  are  all  decomposed  when  heated  to  redness  along  with  hmt. 
charcoal,  metallic  arsenic  being  set  at  liberty. 

The  soluble  arseniates  are  easily  recognised  by  the  tests  for  arsenic  Araeniatts 
(1Q53),  and  the  insoluble  arseniates,  when  boiled  in  a  strong  solu- '^^^'P'^*^' 
tion  of  the  fixed  alkaline  carbonates,  are  deprived  of  their  acid, 
which  may  then  be  detected  in  the  usual  manner.     The  free  alkali, 
however,  should  first  be  exactly  neutralized  by  pure  nitric  acid. 

1458.  Arsenites.    The  arsenites  of  potassa,  soda,  and  ammonia,  Anemtt*. 
may  be  prepared  by  acting  with  those  alkalies  on  arsenious  acid ; 

they  are  very  soluble  in  water,  have  an  alkaline  reactiout  and  have  *^P*'"««' 
not  been  obtained  in  regular  crystals.     Most  of  the  other  arsenites 
are  insoluble,  or  sparingly  soluble,  in  pure  water ;  but  they  are  dis- 

solved  by  an  excess  of  their  own  acid,  with  great  facility  by  N,  and 
by  most  other  acids  with  which  their  bases  do  not  form  insoluble 
compounds.  The  insoluble  arsenites  are  easily  formed  by  double 
deconn  position. 

1459.  All  the  arsenites  are  decomposed  when  heated  in  close 
vessels,  the  arsenious  acid  being  either  dissipated  in  vapour,  or  con- 
verted, with  disengagement  of  some  metallic  arsenic,  into  arseniates. 
Heated  with  charcoal  or  black  flux,  the  acid  is  reduced  (1054.) 

1460.  The  soluble  arsenites,  if  quite  neutral,  are  characterized  by  soluble  sr- 
forming  a  yellow  arsenite  of  oxide  of  silver  when  mixed  with  the  ■?«"«••  <^ 
nitrate  of  that  base,  and  a  green  arsenite  of  protoxide  of  copper,  *""8«""~* 
iickeele's  greeih  with  sulphate  of  that  oxide.     When  acidulated  with 

acetic  or  hydrochloric  acid,hydrosulphuric  acid  gas  causes  the  forma-  -j^ 
tion  of  orpiment.     The  insoluble  arsenites  are  all  decomposed  when 
boiled  in  a  solution  of  carbonate  of  potassa  or  soda.     The  arsenite 
of  potassa  is  the  active  principle  of  Fowler's  arsenical  sohUunu 

1461.  Chromates.  The  salts  of  chromic  acid  are  mostly  either  ChramatM, 
of  a  yellow  or  red  colour,  the   latter  tint  predominating  whenever 

*  For  which  see  Turner  and  Liebig's  Elem.  687. 

t  For  description   of  Metaphotphatet  aee  T.  and  L.  Elem,  S69  ;  and  Onham  in 
PkUo9.  TVont.  1S33.  part  ad. 
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the  acid  is  in  ezceas.  The  chromates  of  oxides  of  the  second  class 
of  metals  are  decomposed  by  a  strong  red  beat,  by  which  the  acid  is 
resolved  into  the  green  oxide  of  chromium  and  oxygen  gas  ;  but  the 
chromates  of  the  fixed  alkalies  sustain  a  very  high  temperature 
without  decomposition.  They  are  all  decomposed  by  the  united 
agency  of  heat  and  combustible  matter.  The  neutral  chromates  of 
protoxides  are  similar  in  constitution  to  the  sulphates,  being  formed 
of  1  eq.  of  the  base  and  1  of  chromic  acid,  the  formula  being  MO-|- 
CrO*. 

1462.  The  chromates  are  in  general  sufficiently  distinguished  by 
their  colour.  They  may  be  known  chemically  by  the  following 
characters :  on  boiling  a  chromate  in  hydrochloric  acid  mixed  with 
alcohol,  the  chromic  acid  is  at  first  set  free,  and  is  then  decomposed, 
a  green  solution  of  the  chloride  of  chromium  being  generated. 

1463.  Chromates  of  Pctassa,  The  neutral  chromate  from  which 
all  the  compounds  of  chromium  are  directly  or  indirectly  prepared, 
is  made  by  heating  to  redness  the  native  oxide  of  chromium  and 
iron,  chromate  of  iros,  with  nitrate  of  potassa  (1077),  when 
chromic  acid  is  generated,  and  unites  with  the  alkali  of  the  nitre. 

1464.  Chromate  of  potassa  has  a  cool,  bitter  and  disagreeable 
taste  ;  it  is  soluble  to  great  extent  in  boiling  water,  and  in  twice  its 
weight  of  that  liquid  at  60^ ;  but  it  is  insoluble  in  alcohol.  Ac- 
cording to  Thomson  il  is  neutral  in  composition,  consisting  of  52 
parts  or  1  eq.  of  chromic  acid,  and  47.15  parts  or  1  eq.  of  potassa.* 

1465.  Bichromaie  of  Potassa  is  made  in  large  quantity  for  dye* 
ing,  by  acidulating  the  neutral  chromate  with  sulphuric,  or  still  bet- 
ter with  acetic  acid,  and  allowing  the  solution  to  crystallize  by 
spontaneous  evaporation.  When  slowly  formed  it  is  deposited  in 
four-sided  tabular  erysuils,  the  form  of  which  is  an  oblique  rhombic 
prism.  They  have  a  rich  red  colour,  are  anhydrous,  and  consist  of 
1  eq.  of  the  alkali,  and  2  eq.  of  chromic  acid.t  They  sre  soluble 
in  sDout  ten  times  their  weight  of  water  st  60^,  and  the  solution 
reddens  litmus  paper. 

1466.  The  insoluble  salts  of  chromic  acid  such  as  the  chromates 
of  baryta  and  oxides  of  zinc,  lead,  mercury  snd  silver,  are  prepared 
by  mixing  the  soluble  salts  of  those  bases  with  a  solution  of  cbro' 
mate  of  potasss.  The  yellow  chromate  of  lead  is  much  used  as  a 
pigment,  it  consists  of  1  eq.  of  acid  and  1  eq.  of  oxide.t 

1467.  Borates.  Boracic  acid  is  a  feeble  acid  and  neutralizes  im- 
perfectly, hence  the  borates  of  soda,  potassa  and  oxide  of  ammo* 
nium  have  always  an  alkaline  reaction.  For  the  same  reason,  when 
the  borates  are  digested  in  any  of  the  more  powerful  acids,  the  bo- 


*  Ann.  of  P/tiioa.  ztI.       t  Thomsoo. 

t  The  chromate  of  oxide  of  zinc  may  be  used  for  the  same  purpose.  A  dichromate 
composed  of  l  eq.  chromic  acid  sod  3  eo-  proioz.  lead,  may  be  formed  by  boiliog  the 
carbonate  of  that  oxide  with  excess  of  coromate  of  potassa.  It  is  of  a  Deantifnl  red 
colour,  and  has  been  recommended  as  a  pigment  (Ann.  Philot.  zzy.  303.)  It  may 
also  be  made  by  boiling  the  neutral  chromate  with  ammonia  or  lime  water;  or  by 
fusing  nitre  at  a  low  red  heat,  and  adding  chromate  of  oxide  of  lead  by  degrees  un- 
til the  nitre  is  nearlj  exhausted.  The  chromate  of  poussa  and  nitre  are  then  re- 
moted  by  water,  ana  the  dichromate  is  left  crystalline  in  texture,  and  of  a  bcautifiil 
tint.    (Pqgr.  An.  zzi.  SSO.)« 


♦Fer 


qf  SOvw'fBnd of  CU9rid$^P9tuimm, see T. sad  L. 


CarboncUe  of  Pokuta.  347 

Tacic  acid  is  separated  from  its  base.     But  at  a  red  heat  this  acid     8«ct.i. 
decomposes  all  salts,  the  acid  of  which  is  volatile. 

1468.  The  borates  of  the  alkalies  are  soluble  in  water,  but  raost  Propeniot, 
of  the  salts  of  this  acid  are  of  sparing  solubility.     They  are  not  de*  *«• 
composed  by  heat,  and  the  alkaline  and   earthy  borates  resist  the 

action  of  heat  and  combustible  matter.  They  are  remarkably  fusi- 
ble, a  property  owing  to  the  great  fiisibility  of  the  acid  itself.' 

1469.  The  borates  are  distinguished  by  the  following  character  :  Distin- 
by  digesting  any  borate  in  a  slight  excess  of  strong  sulphuric   acid,  8fw«h«>* 
evaporating  to  dryness,  and  boiling  the  residue  in  strong  alcohol,  a 
solution  is  formed  which  has  the  property  of  barning  with  a  green 
flame. 

1470.  Biharate  t>f  Soda — Borax.      This  salt,  which   has  been  Bo«x, 
very  long  known,  is  imported  from  India  in  the  impure  state,  under 

the  name  of  Tincal^  which,  after  being  purified,  constkotes  tKe 
refined  borax  of  commerce.  It  is  frequently  called  smb-borate  of 
sodeu 

1471.  It  crystallizes  in  prisras  of  the  oblique  system,  which  efllor*  Crystals, 
esce  ;  they  require  20  parts  of  cold,  and  6  of  boiling  water,  for  so- 
lution.    Exposed  to  heat  the  crystals  lose  their  water  of  crystalliza- 
tion, fuse,  and  then  form  a  vitreous  substance  called  glass  of  borax. 

The  crystals  are  composed  of  69.8  parts  or  2  eq.  of  acid,  31.3;  or 
1  eq.  soda,  and  90  or  10  parts  of  water. 

1472.  The  chief  use  of  borax  is  as  a  flux,  and  for  the  preparat^n  Um. 
of  boracic  acid.* 

1473.  Carbonates,  The  carbonates  are  distinguished  by  being  ^e-  Carbon- 
composed  with  effervescence,  owing  to  the  escape  of  C,  by  nearly  acieriof,* 
all  the  acids ;  and  all  of  them,  except  the  carbonates  of  potassa,  so- 
da and  lithia,  may  be  deprived  of  their  acid  by  heal.  The  carbo- 
nates of  baryta  and  strontia,  especially  the  former,  require  an  in- 
tense heat  for  decomposition ;  those  of  lime  and  magnesia  are  re- 
duced to  the  caustic  state  by  a  full  red  heat ;  and  the  other  carbo- 
nates part  with  their  carbonic  acid  when  heated  to  dull  redness. 

1474.  All  the  carbonates,  except  those  of  potassa,  soda  and  am-  Solability. 
monia,  are  of  sparing  solubility  in  pure  water ;  but  all  of  them  are 

more  or  less  soluble  in  an  excess  of  carbonic  acid,  owing  probably 
to  the  formation  of  supersalts.  Several  of  the  carbonates  occur  na- 
tive. 

1475.  Carbonate  of  Potassa,  KO-hCO^  47.15  1  eq.  base+2'2.12  J^*'^^ 
1  eq.  acid   =  69. 27  eq.     This  is  a  salt  of  great  importance  in  °  ^     ^ 
many  arts  and  manufactures,  and  is  known  in  commerce  in  differ- 
ent states  of  purity,  under  the  names  o(  toood-ash,  pot-ash^  and  pearl" 

€uh.     It  is  the  subcarbonate  of  potassa  of  the  TJ,  S,  Pharfiiacop, 

The  aim  pleat  mode  of  ahowinf  the  abBorption  of  carbonic  acid  by  potaaaa,  is  Exp. 
the  fullowiog :  Fill  a  common  pGial  with  carbonic  acid  gas  over  water  i  and 

*  The  Boraeite  of  mineralogists  is  a  biborate  of  magnesia.    A  new  biborate  (t/'NevUbarttUef 
•ocEa,  cootaioing  half  as  much  water  of  crystallization  as  the  above,  has  been  des-  wd*. 
crihed.    It  is  harder  and  denaer  than  borax,  is  not  efflorescent,  and  crystallizes  in  oc- 
tohedrOBS.    It  is  made  by  dissoWing  liorax  in  boiling  water  until  the  sp.  gr.  of  the  pr^^,^ 
aolutioB  is  at  30°  or  32<^  of  Beaume's  hydrometer ;  the  solution  is  then  very  slowly 
cooled,  and  when  the  temperature  falls  to  about  133^  the  salt  is  deposited.    It  is 
found  to  be  more  convenient  for  the  oae  of  jewellers  than  common  borax.    Attn.  <U 
CSUm.  et  Phy.  jjofm,  410. 
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when  fiiU,  stop  it  by  appljrinjl  the  tbamb.  Then  in  vert  the  bottle  in  a  solatioii 
of  pure  potana  contained  in  a  cup,  and  rather  exceeding  in  quantity  what  is 
sufficient  to  fill  the  bottle.  The  lOJution  will  riae  into  the  bottle,  and  if  the  gas 
be  pure,  will  fill  it  entirely.  Pour  out  the  alkaline  liquor,  fill  the  bottle  with  wa- 
ter, and  again  displace  it  br  the  gas.  Proceed  aa  berore,  and  repeat  the  pnx^ss 
several  times.  It  will  be  round  that  the  solution  will  condense  many  times  its 
bulk  of  the  ^ ;  whereas  water  combines  only  with  its  own  volume. 

This  ezpenment  may  be  made  in  a  much  more  striking  manner,  over  mercu- 
ry, by  passing  into  a  jar,  about  three  fourths  filled  with  this  gas,  a  comparative- 
ly small  bulk  of  a  solution  of  pure  potassa,  which  will  ooodeose  the  whole  of  a 
lar^  quantity  of  the  ^.  Ir  dry  hydrate  of  potassa  be  substituted  in  this  ex- 
periment, no  change  will  ensue ;  which  proves  that  solution  is  essential  to  the 
action  of  alkalies  on  this  gas.  A  solution  of  potassa,  which  has  condensed  all 
the  carbonic  acid  it  is  capable  of  absorbing,  when  evaporated  to  dryness,  af* 
fords  esr&oiisle  of  potatwa.    H.  1.  541. 

1476.  This  salt  is  fusible  witboat  decomposition,  at  a  red  heat : 
it  is  very  soluble  in  water,  and  deliquesces  by  exposure  to  air, 
forming  a  dense  solution,  once  called  oil  of  tartar  per  deliquium* 
Its  taste  is  alkaline,  and  it  renders  vegetable  blues  green. 

The  solution  of  carbonate  of  potassa  will  be  found  to  have  a 
much  milder  taste  than  the  pure  alkali,  and  no  longer  to  destroy  the 
texture  of  woollen  cloth ;  but  it  still  turns  to  green  the  blue  infusion 
of  vegetables. 

1477.  The  great  consumption  of  this  article  in  various  manufac- 
tures is  exclusively  suppliea  by  the  combustion  of  vegetables,  and 
consequently  its  production  is  almost  limited  to  those  countries  which 
require  clearing  of  timber,  or  where  there  are  vast  natural  forests. 
The  English  market  is  chiefly  supplied  from  North  America.  If 
any  vegemble  growing  in  a  soil  not  impregnated  with  sea-salt  be 
burned,  its  ashes  will  be  found  alkaline  from  the  presence  of  car- 
bonate of  potassa.  If  the  ashes  be  submitted  to  heat,  so  as  to  burn 
away  the  carbonaceous  matter  entirely,  they  become  a  white  mass 
generally  termed  pearl'Oih,* 

1478.  Bi'carbonate  of  Potassa,  K0+2C0',  47.15  1  eq.  base  + 
44.24  2  eq.  acid  =  91.39  eq. ;  in  crystals  with  9  or  1  eq.  water  = 

100.39.  This  salt  is  formed  by  passing  a  current  of  C  into  a  solu- 
tion of  the  carbonate ;  or  by  evaporating  a  mixture  of  the  carbonates 
of  ammonia  and  potassa,  the  ammonia  being  dissipated  in  a  pure 
state.  By  slow  evaporation,  the  bicarbonate  is  deposited  from  the 
liquid  in  hydrated  prisms  with  eight  sides,  terminated  with  dihedral 
summits. 

1479.  This  salt  is  milder  than  the  carbonate.  It  does  not  deli- 
quesce on  exposure.  It  reauires  4  times  its  weight  of  water  at  60"* 
for  solution.     At  a  low  red  heat  it  is  converted  into  the  carbonate. 

1480.  Carbonate  of  Sodt^,  NaO-fCO«  31.3  1  eq.  base  +  22.12  1 
eq.  acid  =  53.42  eq. ;  in  crystals  with  90  or  10  eq.  water  =143.42, 
with  63  or  7  eq.  water  =  1 16.42  eq.,  is  chiefly  obtained  by  the  com- 
bustion of  marine  plants,  the  ashes  of  which  afford,  by  lixiviation,  the 
impure  alkali  called  soda.  Two  kinds  of  rough  soda  occur  in  the 
market :  hartUa  and  kelp ;  besides  which,  some  natwt  carbonate  of 
soda  is  ako  imported.     Barilla  is  the  seraifused  ash  of  the  salsola 


*  For  ascrrtainioff  the  valae  of  different  samples  of  jiearlash,  that  is  to  determine 
the  Quantity  of  real  carbonate  of  potassa  in  a  given  weight  of  impure  carbonate,  see 
(610.) 
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sodof  which  is  krgely  cultirated  upon  the  Mediterranean  shore  Stui. 
of  Spain,  in  the  vicinity  of  Alicant  Kelp  consists  of  the  ashes  of 
aea'^weeds,  which  are  collected  upon  the  sea  coast  and  burned  in 
kilns,  or  merely  in  excavations  made  in  the  ground  and  surrounded 
by  stones.  It  seldom  contains  more  than  5  per  cent  of  carbonated 
alkali,  and  about  24  tons  of  sea-weed  are  required  to  produce  one  ton 
of  kelp.  The  best  produce  is  from  the  hardest  Juci,  such  as  the 
serratuSf  eUgitatus,  nodosus^  and  vesiculosus,*  The  rough  alkali  is 
contaminated  by  common  salt,  and  impurities,  from  which  it  may  be 
separated  by  solution  in  a  small  portion  of  water,  filtrating  the  solu- 
tion, and  evaporating  it  at  a  low  heat;  the  common  salt  maybe 
skimmed  off  as  its  crystals  form  upon  the  surface.! 

1481.  It  crystallizes  in  rhombic  octohedrons,  the  acute  angles  ge-  Crystals, 
nerally  truncated.     The  crystals  effloresce,  and  wben  heated  dissolve 

in  their  water  of  crystallization.     By  continued  heat  they  are  ren- 
dered anhydrous  without  loss  of  carbonic  acid.     They  dissolve  in  Solubility, 
about  two  parts  of  cold,  and  rather  less  than  their  weight  of  boiling 
water;  the  solution  being  alkaline.     The  crystals  usually  contain 
10  eq.  of  water.  I 

1482.  Bicarbonate  of  Soda.    NaO+2CO",  31.3  1  eq.  base  +  Bicwboo- 
4424  2  eq.  acid  =  75.54 ;   in  crystals  with  9  or  1  eq.  water  =  **"• 
84.54  eq.    This  salt  is  made  by  the  same  processes  as  bicarbonate 

of  potassa,  and  is  deposited  in  hydrated  crystalline  grains  by  evapo- 
ration. It  is  milder  than  the  carbonate  and  less  soluble,  requiring 
about  ten  times  its  weight  of  water  at  6ff*  for  solution.  It  is  con- 
verted into  the  carbonate  by  a  red  heat. 

1483.  Sesquicarbonatet  2NaO.  3CO'*'{-^VlOt  occurs  native  in  Afri-  Smquicsr- 
ca,  on  the  banks  of  soda  lakes,  and  is  called  Trona.^  bonaie. 

1484.  Carbonate  of  Ammonia,     H'N-|-C,  17.15  1  eq.  base  4* 

22.12  1  eq.  acid  =  39.27  eq.     The  only  method  of  obtaining  theCarbonata 

substance  so  called  is  by  mixing  perfectly  dry  C  and  NH'.     In  what-  qUu 

^UcColloch's  }VeHemJslandB,i.  138. 

t  The  crystals  of  soda-carb.  as  well  as  the  soda-ash  of  G.  B.  are  made  by  the  da- 
compositioo  of  sea-salt ;  for  a  descriptioo  of  the  process  see  Ure's  Did,  ArU  and  Man, 
1161. 

t  The  parity  of  barilla  or  other  carbonates  of  soda,  may  be  ascertained  by  the  alka- 
limeter  (610).  In  the  analysis  of  barilla  and  kelp,  to  ascertain  the  relaiiTe  proportion 
of  soda,  it  may  be  nsefal  to  know  that  100  parts  of  dilnte  nitrio  acid,  specific  gravity 
1.36,  will  saturate  60  parts  of  dry  carbonate  of  soda,  which  are  equiTalent  to  alwnt 
S9  of  pore  soda. 

9  Phillips  in  Jour.  Sci.  vii. 

Spda  water  is  a  solution  of  soda  highly  charged  with  carlionic  acid  gas,  whereby  it  Seda  wAtw. 
acquires  a  sparkling  appearance,  and  agreeable  pnngent  taste,  arid  certain  medicinal 
powers.    For  a  plan  and  description  of  the  apparatus  see  Ure's  Did.  ArU  and  Man, 
1166. 

To  make  seltzer  water,  for  each  12  lbs.  Troy  take  65  grs.  carb.  soda,  17  carb.  line,  Mtwr  vaiw. 
IS  carb.  magnesia,  3^  sabphosphate  alumina,  3  chloride  potassium,  165  chlor.  sodinm, 
and  3  of  finely  precipitated  silica,  this  solution  is  charged  with  363  cubic  inches  of 
carb.  acid  gas.    Rid,  1 166. 

The  diav\fedin^  Boda  liquid  of  Labarraqna  is  prepared  by  the  following  process.  ubwnqM** 
Dissolve  2800  grains  of  crystallized  carbonate  of  soda  m  1.28  pints  of  water,  having  'WoM. 
placed  the  solution  in  a  Wonlfe*s  appsratus.  pass  through  it  a  current  of  chlorine  gas 
evolved  from  a  miztore  of  957  grains  of  salt,  and  760  of  oxide  of  manganese,  acted 
ttpon  by  967  grains  of  oil  of  vitriol  previously  diluted  with  760  grains  ofwater.    The 
operation  should  be  conducted  slowly. 

For  most  purposes  the  common  lieaehing  pcwder  sprinkled  about  or  dissolved  in 
water  is  quite  as  eflectnal  and  more  economical,  but  for  medical  uses  the  preparation 
should  be  more  nicely  attended  to.  See  Quart.  Jour,  qf  Sd.y  4bc  N.  S.  i.  aas^it. 
460— iii.  84 ;  aad  Amer,  Jour,  ^.  ziv.  951. 
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Ch>p-V'    ever  proportion  ihe  two  gases  be  mixed,  they  unite  only  in  the  rttio 

of  1  vol.  of  the  former  to  2  of  the  latter,  and  condense  into  a  white 

powder.     It  is  decomposed  by  water  into  ammonia  and  the  sesqui- 

carbonate. 

Bicarbon-        1485.  Bicarbonate  of  Oxide  of  Ammonium  is  formed  by  trans- 

ammon^  fitting  a  current  of  C  through  a  solution  of  the  common  carbonate 
am.  of  ammonia.     On  evaporating  the  liquid  by  a  gentle  heat,  the  bicar- 

bonate is  deposited  in  small  prisms  of  the  right  rhombic  system, 

having  no  smell,  and  very  little  taste.  It  contains  twice  as  much  C 
as  the  carbonate.  It  cannot  exist  without  the  presence  of  water,  of 
which  it  contains  22,7  per  cent.,*  or  2  eq.  It  may  therefore  be  con- 
sidered as  carbonate  of  basic  water  and  carbonate  of  oxide  of  ammo- 
nium, or  HO.CO«+H*NO.CO». 
Seiqoi.  1486.  Sesquicorbonoie  of  Oxide  of  Ammonium.     The  common 

carbonate  carbonate  of  ammonia  of  the  shops,  Sub-carbonas  Ammonia  of  the 
ammoDi-^  Pharmacop.,  is  different  from  both  these  compounds.  It  is  prepared 
am.  by  heating  a  mixture  of  one  part  of  hydrochlorate  of  ammonia  with 

one  part  and  a  half  of  carbonate  of  lime,  carefully  dried.  Double 
decomposition  ensues  during  the  process ;  chloride  of  calcium  re- 
mains in  the  retort,  and  hydrated  sesquicarbonate  of  ammonia  is 
sublimed.  The  carbonic  acid  and  ammonia  are,  indeed,  in  proper 
proportion  in  the  mixture  for  forming  the  real  carbonate  :  but,  owing 
to  the  presence  of  water,  generated  by  the  combination  of  the  oxygen 
of  the  lime  with  the  hydrogen  of  the  hydrochloric  acid,  part  of  the 
ammonia  is  disengaged  in  a  free  state. 

1487.  The  salt  thus  formed  consists  of  34.3  parts  or  2  eq  of  am- 
monia, 66.36  parts  or  3  eq.  of  carbonic  acid,  and  18  parts  or  2  eq.  of 
water.     It  is,  therefore,  anhydrous  sesquicarbonate  of  oxide  of  am- 
monium, or  2H^NO-|-3CO^     When  recently  prepared,  it  is  hard, 
compact,  translucent,  of  a  crystalline  texture,  and  pungent  ammoni- 
acal  odour;  but  if  exposed  to  the  air,  it  loses  weight  rapidly  from 
the  escape  of  pure  ammonia,  and  becomes  an  opaque  brittle  mass, 
which  is  the  bicarbonate. 
Carbonate       1488.  Carbonate  of  Baryta,  BaO+GO^  76.7  1  eq.  base  -f  22.12 
of  barjrta.    1  eq.  acid  =  98.82  eq.,  occurs  abundantly  in  the  lead  mines  of  the 
north  of  England,  where  it  was  discovered  by  Withering,  and  has 
hence  received  the  name  of  Wiiherite,     It  may  be  prepared  by  way 
of  double  decomposition,  by  mixing  a  soluble  salt  of  baryta  with  any 
of  the  alkaline  carbonates  or  bicarbonates.     It  is  anhydrous,  exceed- 
ingly insoluble  in  distilled  water,  requiring  4300  times  its  weight  of 
water  at  60°,  and  2300  of  boiling  water  for  solution  ;  but  when  re- 
cently precipitated,  it  is  dissolved  much  more  freely  by  a  solution  of 
carbonic  acid.     It  is  higly  poisonous. 
Carbonate       ^*®^'  Carbonate  of  Strontia,  SrO+CO',  61,8  1  eq.  base  +  22.12 
of  ■trontja.  1  eq.  acid  =  73.92  eq.,  occurs  native  at  Strontian  in  Argyleshire, 
and  is  known  by  the  name  of  Strontianite ;  it  may  be  prepared  in  the 
same  manner  as  carbonate  of  baryta.  It  is  anhydrous,  and  very  inso- 
luble in  pure  water,  but  is  dissolved  by  an  excess  of  carbonic  acid. 
Carbonate       1490.  Carbonate  of  Lime.    CaO-f  CO',  28.5  I  eq.  base  -f  22.12, 
of  lime.      ^^i^  __  50.62  eq.     This  salt  is  a  very  abundant  natural  production 

*  Berselioa. 


Carbonate  of  Magnena.  361 

and  occurs  under  a  great  variety  of  forms,  such  as  common  limestone,  8«»ct'  ^' 
chalk,  marble,  and  Iceland  spar,  and  in  regular  anhydrous  crystals, 
the  density  of  which  is  2.7.  Though  sparingly  soluble  in  pure 
water,  it  is  dissolved  by  carbonic  acid  in  excess ;  and  hence  the 
spring-water  of  limestone  districts  always  contains  carbonate  of  lime, 
which  is  deposited  when  the  water  is  boiled. 

1491.  Lime  has  a  strong  attraction  for  carbonic  add,  but  not  when  Carbonate, 
perfectly  dry  ;  for  if  a  piece  of  dry  quicklime  be  passed  into  a  jar  of 
carbonic  acid  gas  over  mercury,  no  absorption  whatever  ensues. 

But  if  a  bottle,  filled  with  carb.  acid  gas,  be  inverted  over  a  mixture  of  lime  and  Exp. 
water  of  the  consistence  of  cream,  a  rapid  absorption  will  be  observed,  especially 
if  the  bottle  be  agitated;  or  if  a  jar  or  bottle,  filled  with  carbonic  acid,  be  brought 
over  avesselof  lime  water,  on  agitating  the  vessel,  a  rapid  diminution  will  ensue, 
and  the  lime  water  will  become  milky. 

1492.  When  a-  shallow  vessel  of  lime   water  is  exposed  to  the  Action  of 
air,  a  white  crust  forms  on  the  surface,  and  this,  if  broken,  falls  to  ^'* 

the  bottom,  and  is  succeeded  by  another  till  the  whole  of  the  lime  is 
precipitated  from  the  solution.  This  is  owing  to  the  absorption  of 
carbonic  acid  gas  from  the  air  by  the  lime,  which  is  thus  rendered 
insoluble  in  water.  Dry  lime,  also,  when  exposed  to  the  atmosphere, 
first  acquires  moisture,  and  having  become  a  hydrate,  next  absorbs 
carbonic  acid.  In  a  sufficient  space  of  time,  all  the  characters  dis- 
tinguishing it  as  lime  disappear,  and  it  acquires  the  property  of 
effervescing  with  acids.  The  strong  affinity  of  lime  for  carbonic  acid 
enables  it  to  take  this  acid  from  other  substances.  Thus  carbonates 
of  alkalies  are  decomposed  by  lime.     h.  i.  687. 

1493.  The  carbonic  acid  existing  in  carbonate  of  lime  is  expelled  Carbooic 
by  a  strong  red  heat.     If  distilled  in  an  earthen  retort,  carbonic  acid  f*j*w"^r 
gas  is  obtained,  and  lime  remains  in  the  retort  in  a  pure  or  caustic 

state.     By  this  process  carbonate  of  Hme  loses  about  45  per  cent. 

1494.  Carbonate  of  Magnesia.  MgO+CO",  20.7  1  eq.  base  +  Carbonate 
22.12  1  eq.  acid  =  42.82  eq. ;  in  crystals,  with  27  or  3  eq.  water  =  of  magne- 
69.82.     It  is  met  with  occasionally  m  rhombohedral  crystals,  and  in 

a  pulverulent  earthy  state,  but  more  commonly  as  a  compact  mineral 
of  an  earthy  fracture  called  magnesite.  It  is  abundant  in  the  East 
Indies,  of  a  sngw-white  colour,  of  density  2.56,  and  so  hard  that  it 
strikes  fire  with  steel.*  It  is  obtained  in  minute  transparent  hexa- 
gonal prisms  with  three  eq.  of  water,  when  a  solution  of  bicarbonate 
of  magnesia  evaporates  spontaneously  in  an  open  vessel.  The  crys- 
tals lose  their  water  and  become  opaque  by  a  very  gentle  heat,  and 
even  in  a  dry  air  at  60^.  By  cold  water  they  are  decomposed, 
yielding  a  soluble  bicarbonate,  and  an  insoluble  white  compound 
of  hydrate  and  carbonate  of  magnesia ;  and  hot  water  produces  the 
same  change  with  disengagement  of  carbonic  acid,  without  dissolv- 
ing any  magnesia-t 

1495.  When  carbonate  of  potassa  is  added  in  excess  to  a  hot  solu- 
tion of  sulphate  of  magnesia,  a  white  precipitate  falls,  which  after 
being  well  washed  has  been  long  considered  as  pure  carbonate  of 
magnesia  ;  but  Berzelius  has  shown  that  it  consists  of  the  following 
ingredients : — 

*  Amu  qf  Philo$,  xvii.  362.  t  Berzelius. 
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trarbonic  aciix  oD.77  dd.oo  or  3  eq.  >  mM^.r\  iiurk  i  ov^^rkrvM 

Water  19.48      *    36       or  4  eq.  J  "*^'*""+^"*^^^^^ 

100.00  185.16  or  1  eq. 

This  compound  is  said  to  require  2493  parts  df  cold,  and  9000  of 
hot  water  for  solution.     It  is  freely  dissolved  by  a  solution  of  carfoo- 
nic  acid,  bicarbonate  of  magnesia  being  generated ;  but  on  allowing 
the  solution  to  evaporate  spontaneously,  carbonic  acid  is  given  off, 
and  crystals  of  the  hydrated  carbonate  above  mentioned  are  ob- 
tained. 
Carbonate       1496.  Carbonate  of  Protoxide  of  Iron.    FeO+CO*,  36  1  eq.  base 
SfSSi?""**  +22.12  1  eq.  acid  =  68.12  eq.     Carbonic  acid,  with  the  protoxide 
of  iron,  constitutes  a  salt  which  is  an  abundant  natural  production, 
occurring  sometimes  massive*  and   at  other   times  crystallized  in 
rhombohedrons.     This  protocarbooate  is  contained  also  in  most  of 
the  chalybeate  mineral  waters,  being  held  in  solution  by  free  carbo- 
nic acid  ;  and  it  may  be  formed  by  mixing  an  alkaline  carbonate 
with  tbe  sulphate  of  protoxide  of  iron.     When  prepared  by  precipi- 
tation it  attracts  oxygen  rapidly  from  the  atmosphere,  and  the  pro- 
toxide of  iron,  passing  into  the  state  of  sesquioxide,  parts  with 
carbonic  acid.     For  this  reason,  the  carbonate  of  iron  of  tbe  Phar- 
roacop.  is  of  a  red  colour,  and  consists  chiefly  of  the  sesquioxide. 
Dicarbon-        1497.  Dicarbonate  of  Protoxide  of  Copper.  2CuO+CO',  79.2  2 
ate  of  pro-  eq.  base  -|-  22.12  1  eq.  acid  =?  101.32  eq.*     It  occurs  as  a  hydrate 
wmr,       '"  ^^^  beautiful  green  mineral  called  malachite;  and  the  same  com- 
pound, as  a  green  powder,  the  mineral  green  of  painters,  may  be 
obtained  by  precipitation  from  a  hot  solution  of  sulphate  of  protoxide 
of  copper,  by  carbonate  of  soda  or  potassa.     When  obtained  from  a 
cold  solution,  it  falla  as  a  bulky  hydrate  of  a  greenish-blue  colour, 
which  contains  more  water  than  the  green  precipitate.     By  careful 
drying  its  water  may  be  expelled.     When  the  hydrate  is  boiled  for 
a  long  time  in  water,  it  loses  both  carbonic  acid  and  combined  water, 
and  the  colour  changes  to  brown.     The  rust  of  copper,  prepared  by 
exposing  metallic  copper   to  air  and  moisture,  is  a.  hydrated  di- 
carbonate. 

The  blue  pigment  called  verdiier,  prepared  by  decomposing  ni- 
trate of  protoxide  of  copper  with  chalk,  has  a  similar  composition.t 
Carbon-  1498.  Carhonote  of  Protoxide  of  Lead*     111.6  1  eq.   base  -|- 

ate  of  }iro-  22.12  1  eq.  acid  =  133.72  eq.  This  salt,  which  is  the  white  lead 
lelS^***^  or  ceruse  of  painters,  occurs  native  in  white  prismatic  crystals  de- 
rived from  a  right  rhombic  prism,  the  sp.  gr.  of  which  is  6.72.  It  is 
obtained  as  a  white  pulverulent  precipitate  by  mixing  solutions  of  an 
alkaline  carbonate  with  acetate  of  protoxide  of  lead ;  and  ii  is  pre- 
pared as  an  article  of  commerce  from  the  subacetate  by  a  current  of 

*  In  Malachite  with  9  or  I  cq.  water  eq.  110.32. 

R^MT't  Tcrdj.     ^  There  ie  a  fine  blue  capreoos  preparation,  called  JR^finer^s  Verditer,  priocipalhr  made 
(«•  by  silver  refioera.    It  consists,  according  to  Phillips,  of  three  proportiona!s  of  oxide, 

four  of  carbonic  acid,  and  two  of  water.  {Quart.  Jour,  of  Sei.  ir.  277.) 

According  to  Pelletier,  a  ffood  verditermay  be  obtained  as  follows :  add  a  safficieot 
quantity  of  Time  to  nitrate  of  copper  to  throw  down  the  oxide ;  it  gives  a  greenish  pre- 
cipitate that  is  to  be  washed  ana  nearly  dried  upon  a  strainer ',  then  incorporate  it  with 
from  eiffht  to  ten  per  cent,  of  fiesh  lime,  whtdi  will  cive  it  a  blue  colour,  and  dry  it 
ctrsfully.    For  proeatsea  see  Ure*!  Did.  Ari9.  and  Man.  1374. 


HydrachloraU  of  JStfiMMmia.  363 

carbonic  acid ;  by  exposing  metallic  lead  in  minute  division  to  air   8ect.iL 
and  moisture ;  and  by  the  action  on  thin  sheets  of  lead  of  the  va- 
pour of  vinegar,  by  which  the  metal  is  both  oxidized  and  converted 
into  a  carbonate. 

1499.  Double  Carbonates,  One  of  the  most  remarkable  of  these  Doobk  car- 
is  the  double  carbonate  of  lime  and  magnesia,*  which  constitutes  the  *»««^*«« 
minerals  called  bitter-spar,  pearl-spar,  and  Dolomite.  The  two  for- 
mer occur  in  rhombohedrons  of  nearly  the  same  dimensions  as  car- 
bonate of  lime.  Some  specimens  consist  of  the  two  carbonates  in  the 
ratio  of  their  equivalents;  but  this  ratio  is  very  variable,  since  iso- 
morphous  substances  crystallize  together  in  all  proportions,  t.  &  L.  706. 


Section  II.     Order  U.    Hydro^ Salts. 

This  section  includes  those  salts,  the  acid  or  base  of  which  con-  Hvdio- 
tains  hydrogen.  The  salts  formerly  called  muricUes  or  hydrochlorates  '^^* 
of  metallic  oxides,  have  been  already  described  as  chlorides  of  metals; 
as  also  those  of  hvdriodic  and  other  hydracids;  the  neutralizing 
power  of  the  acids  oeing  considered  as  due  to  the  direct  union  of  the 
chlorine,  iodine,  &c.,  with  the  metal  itself.  Some  of  these  com- 
pounds may  be  more  properly  placed  in  the  fourth  section,  as  in 
them  the  hydracid  acts  rather  as  a  base  or  electro-positive  ingredient, 
than  as  an  acid  or  electro-negative  substance.! 

1500.  The  compounds  of  ammonia  with  the  hydracids  may  be  Anunoni- 
described  as  chlorides  of  the  hypothetical  radical  ammonium.  ^ 

1501.  Ammoniacal  Salts  are  recognized  by  the  addition  of  pure 
potassa  or  lime,  when  the  odour  of  ammonia,  may  be  perceived. 
Those  which  contain  a  volatile  acid  may  in  general  be  snblimed 
without  decomposition ;  but  the  ammonia  is  expelled  by  heat  from 
those  acids  which  are  much  more  fixed  than  itself. 

1502.  Hydrochlorate  of  Ammonia,  H^N-j^HCl  17.15  1  eq.  base  Hydroehlo- 
+  36.42  1  eq.  acid  =  53;57.     This  sB\t,sal  ammoniac  of  commerce,  «»•  o'  "»- 
was  formerly  imported  from  Egypt,  where  it  is  procured  by  subli-  ""**"■• 
mation  from  the  soot  of  camel's  dung ;   but  it  is  now  manufactured 

by  several  processes.  The  most  usual  is  to  decompose  sulphate  of 
ammonia  by  the  chloride  either  of  sodium  or  magnesium,  when 
double  decomposition  ensues,  giving  rise  in  both  cases  to  hydro- 
chlorate  of  ammonia,  and  to  sulphate  of  soda  when  chloride  of  so- 
dium is  used,  and  to  sulphate  of  magnesia  when  chloride  of  mag- 
nesium is  employed.  The  sal  ammoniac  is  aAerwards  obtained  in 
a  pure  state  by  sublimation.  The  method  now  generally  used  for 
obtaining  sulphate  of  oxide  of  ammonium  is  to  decompose  with 
sulphuric  acid  the  hydrosulphate  and  hydrocyanate  of  ammonia 
which  is  collected  in  the  manufacture  of  coal-gas ;  but  it  may  also 
be  procured  either  by  lixiviating  the  soot  of  coal,  which  contains 
sulphate  of  oxide  of  ammonium  in  considerable  quantity,  or  by  di- 
gesting with  gypsum  impure  sesquicarbonate  of  oxide  of  ammonium, 
carbonate  of  ammonia,  procured  from  the  destructive  distillation 

*MgOCOH-CaOCO>.    50.82  1  eq.  carb.  lime  +  48.82  I  eq.  carb.  mag.  =  93.44  eq. 
t  See  Kane's  obienrations  io  Dublin  Jcur*  qf  SeL  i.  265. 
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Chap.  ▼.  of  bones  and  other  animal  substances,  so  as  to  form  an  insoluble 
carbonate  of  lime  and  a  soluble  sulphate  of  oxide  of  ammonium. 

Propertiet.  1503.  Hydrochlorate  of  ammonia  has  a  pungent  saline  taste,  a 
density  of  1.45,  and  is  tough  and  diflScult  to  be  pulverized.  Ii  is  so- 
luble in  alcohol  and  water,  requiring  for  solution  three  times  its 
weight  of  water  at  60^,  and  an  equal  weight  at  212".  It  usually 
crystallizes  from  its  solution  in  feathery  crystals,  but  sometimes  in 
cubes  or  octohedrons.  At  a  temperature  below  that  of  ignition  it 
sublimes  without  fusion  or  decomposition,  and  condenses  on  cool 
surfaces  as  anhydrous  salt,  which  absorbs  humidity  in  a  damp  at- 
mosphere, but  is  not  deliquescent  In  commerce  it  usually  occurs  as 
procured  by  sublimation,  in  white  cakes,  hard  and  somewhat  elastic. 

Nttiv*.  1504   Native  HydroMorote  of  Ammonia^  occurs  massive  and 

crystallized,  in  the  vicinity  of  volcanoes,  and  in  the  cracks  and  pores 
of  lava,  near  their  craters.  An  efflorescence  of  native  sal  ammoniac  is 
sometimes  seen  upon  pit-coal.  Its  colour  varies  from  the  admixture 
of  foreign  matter,  and  it  is  frequently  yellow  from  the  presence  of 
sulphur.  It  is  said  that  considerable  quantities  of  native  sal-ammo- 
niac are  also  found  in  the  country  of  Bucharia,  where  it  occurs  with 

Originof    sulphur  in  rocks  of  indurated  clay.     The  ancients,  according  to 

th«  nftme.  pji^y^  called  this  salt  amnumiae,  because  it  was  found  near  the  tem- 
ple of  Jupiter  Ammon,  in  Africa. 

Fonnation       1505.  This  salt  may  be  produced  di-  ^}i^ 

iUostrated.  rectly  bv  means  of  the  apparatus  (Fis.  ^  '  ^ 

186.)    Into  one  of  the  retorts  a  smul 

quantity  of  hydrochloric    acid  or  the 

materials  from  which  the  acid  gas  is 

usually  obtained  (628,)  is  introduced ; 

and  into  the  other  liquid  ammonia  (or 

the  mixture  of  lime  and  hydrochlo- 
rate of  ammonia  (729.^    The  eToWed 

gases  passing   into   the   globe  unite 

producing  dense  clouds  of  hydrochlorate  of  ammonia  which  concrete  upon  the 

mner  sunace. 
We  may  also  form  it  by  mizinc  over  mercury,  equal  measures  of  ammoniacal 

gas,  and  hydrochloric  acid  gas,  which  are  entirely  condensed  into  a  white  solid. 

Vies,  1506.  Sal-ammoniac  is  used  in  the  arts  for  a  variety  of  purposes, 

especially  in  certain  metallurgic  operations.    It  is  used   in   tinning, 
to  prevent  the  oxidation  of  the  surface  of  copper  ;  and  small  quan- 
tities are  used  by  dyers.     Dissolved  in  nitric  acid,  it  forms  the  aqita 
regia  of  commerce,  used  for  dissolving  gold,  instead  of  a  mixture  of 
nitric  and  hydrochloric  acids  (637.)* 
Hydroflu-       1507.  Hydtoftuate  of  Ammonia,  IPN-f  HF,  36.83  eq.    It  is  pre- 
ate  of  am-  p^red  by  mixing  1  part  of  sal  ammoniac  with  2i  of  fluoride  of  so- 
dium, both  dry  and  in  fine  powder,  gently  heating  the  mixture  in 
a  platinum  vessel,  and  receiving  the  sublimed  salt  in  a  second  pla- 
tinum vessel,  the  temperature  of  which  is  not  allowed  to  exceed 
212^. 
HTdrosnl-       1508.  Hydrondpkote  of  Ammonia,  IPN+HS,  17.15  1  eq.  base 
^^^   +17.1  1  eq.  acid  =  34.25.    This  salt,  also  called  hydrosulphuret 
of  ammonia,  and  formerly  the  filming  liquor  of  BoyU,  is  prepared 
by  heating  a  mixture  of  one  part  of  sulphur,  two  of  sal  ammoniac, 

*  HjfdriodaUt  H*N+H1,  17.16  base  +  127.3  1  eq.  acid  =  144.46  eq.,  aod  Bydro- 
bromate  of  ammonia,  may  be  formed  by  similar  processes. 
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and  two  of  unslaked  lime.  The  volatile  products  are  ammonia  and  Stcuni. 
hydrosulphate  of  ammonia ;  and  the  fixed  residue  consists  of  sul- 
phate of  lime  with  chloride  and  sulphuret  of  calcium.  The  hy- 
drosulphuric  acid  is  formed  from  the  hydrogen  of  hydrochloric  acid 
uniting  with  sulphur,  and  the  oxygen  of  the  sulphuric  acid  is  de- 
rived from  decomposed  lime,  the  calcium  of  which  is  divided  he- 
tween  the  chlorine  of  the  hydrochloric  acid  and  the  sulphur.  Hy- 
drosulphate of  ammonia  may  also  be  formed  by  the  direct  union  of 
its  constituent  gases,  and  if  they  are  mixed  in  a  glass  globe  kept 
cool  by  ice,  the  salt  is  deposited  in  crystals.  It  is  much  used  as  a 
refluent,  and  for  this  purpose  is  usually  prepared  by  saturating  a  so- 
lutlon  of  ammonia  with  hydrosulphuric  acid  gas.^ 

1509.  Salts  of  Photfhuretted  Hydrogen.  Phosphuretted  hydro- 
gen is  a  feeble  alkaline  base,  which  combines  with  some  of  the  hy- 
dracids. 

The  salt  best  known  is  the  hydriodate  of  phosphuretted  hydrogen, 
first  noticed  by  Gay-Lussac,  which  is  formed  of  127.3  parts  or  1  eq. 
of  acid  and  34.4  parts  or  1  eq.  of  base,  and  crystallizes  in  cubes. 


Sbctiom  III.     Order  M.     Sulphur- Salts. 

The  compounds  described  in  this  section  are  double  sulphurets,  gnipbor- 
just  as  the  oxy -salts  in  general  are  double  oxides.  Their  resem-  salu. 
blance  in  composition  to  salts  is  perfect.  The  principal  ndphur-bo" 
ses  are  the  protosulphurets  of  potassium,  sodium,  lithium,  barium, 
strontium,  calcium,  and  magnesium,  and  hydrosulphate  of  ammo- 
nia ;  and  the  principal  sulphur-acids  are  the  sulphurets  of  arsenic, 
antimony,  tungsten,  molybdenum,  tellurium,  tin,  and  gold,  together 
with  hydrosulphuric  acid,  bisulphuret  of  carbon,  and  sulphuret  of 
selenium.  The  sulphur-salts  with  two  metals  are  so  constituted, 
that  if  the  sulphur  in  each  were  replaced  by  an  equivalent  quantity 
of  oxygen,  an  oxy-salt  would  result.  The  analogy  between  oxy- 
salts  and  sulphur-salts  is  rendered  still  closer  by  the  circumstance 
that  hydrosulphuric  and  hydrosulphocyanic  acids  have  the  charac- 
teristic properties  of  acidity,  and  unite  both  with  ammonia  and  with 
sulphur-bases. 

The  sulphur-salts  may  be  divided  into  families,  characterized  by  i^^^^^ 


Fig.  187. 


*  Fig.  187,  represents  the 
disposition  or  the  apparatus 
for  this  process  :  a,  a  small 
famaoe ;  6,  a  tabulated  earth- 
am  retort  containing  the  a- 
boTe  materials ;  c,  an  adap- 
ting tube ;  e,  a  glass  balloon 
for  condensing  the  vapour ; 
fj  a  receiver  \  /^,  a  bottle  of 
water,  into  which  the  glass 
tube,  issuing  from^  the  upper 
port  of  the  receiver,  e,  is 
made  to  dip  about  half  an 
nch.  The  product  in  the 
bottle^,  may  oe  mixed  with  the  water  in  g^  and  the  whole  used  for  washing  out  the 
receiver  t.  It  is  retained  in  the  pharmacopiBia,  and  may  be  extemporaneously  made 
by  passing  hydraaulphiirie  add  gat  from  an  oii  flask  with  a  bent  taba  |^to  aqua  am- 
kept  cold. 


aulphur- 
saltt. 
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Ch>p«  ▼.  containing  the  same  sulphur-acid.  For  the  purpose  of  indicatingf 
that  such  salts  are  double  sulphurets,  as  well  as  to  distinguish  them 
readily  from  other  kinds  of  salts,  the  generic  name  of  each  family 
may  be  constructed  from  the  sulphur-acid  terminated  with  sulphureu 
Thus  the  salts  which  contain  persulphuret  of  arsenic  or  hydrosul- 
phuric  acid  as  the  sulphur-acid  are  termed  arsenio'mlphuretg  and 
hydra-ndphurets ;  and  a  salt  composed  of  each  of  these  sulphur- 
acids  with  sulphuret  of  potassium  is  termed  arsemo-sulphwret  and 
hydrthsulpkuret  of  sulphuret  of  potassium.  For  the  sake  of  brevity 
the  metal  of  the  base  may  alone  be  expressed,  it  being  understood 
that  the  positive  metal  in  a  sulphur-salt  enters  as  a  protosulphuret 
into  the  compound. 
HYdio-  1510.  Hydro- Sulphurets,    The  sulphur-salts  contained   in  this 

■olphunu.  group  [laye  hydro-sulphuric  acid  for  their  electro-negative  ingredient- 
Most  of  them  which  have  been  studied  are  soluble  in  water^  and 
may  be  obtained  in  crystals  by  evaporation.  They  are  decomposed 
by  exposure  to  the  air,  yielding  at  first  bisulphurets  of  the  metal* 
and  then  a  hyposulphite.  By  acids  the  hydrosulphuric  acid  is  ex- 
pelled with  efiervescence. 
Hydro-«1-  161 1.  Hydro-sulphuret  of  Potassium,  KS+HS,  56.26  1  eq.  sul- 
y^um.  phur-base  +  17.1  1  eq.  sulphur  acid  =  72.36  eq.  This  salt  is  ob- 
tained in  the  anhydrous  state  by  introducing  anhydrous  carbonate 
of  potassa  into  a  tubulated  retort,  transmitting  through  it  a  current 
of  hydrosulphuric  acid  gas,  and  heating  the  salt  to  low  redness. 


Proem.  The  fame  salt  u  prepared  in  the  moist  way  by  iDtrodocing  a  solution  of  pure 

potassa,  free  from  carbonic  acid,  into  a  tubulated  retort,  expelling  atmospheric 
air  by  a  current  of  hydrogen  gas,  and  then  saturating  the  solution  with  hydro- 
sulphuric^ acid.    At  nrst  the  potassa,  as  in  the  former  process,  interchanges  ele- 


ments with  the  gas,  yielding  water  and  protosulphuret  of  potassium ;  after 
which  the  protosulphuret  unites  with  hydrosulphuric  acid.  The  solution 
should  be  eyapomted  in  the  retort  to  the  consistence  of  syrup,  a  current  of  hy- 
drogen £as  being  transmitted  through  the  apparatus  the  whole  time;  and  on 
eooiing  the  salt  crystallizes  in  large  four  or  six  sided  prisms,  which  are  colour- 
len  if  air  was  perfectly  excluded. 

Hydro-sul-    1612.  Hydrosuiphuret  of  Barium,  BaS+HS,  84.8  1  eq.  sulphur 
Griim.      base, -f  17.1  acid  =  101.9  eq.     It  is  prepared  by  the  action  of 
hydrosulphuric  acid  on  a  solution  of  baryta  with  the  precautions  al- 
ready mentioned  for  excluding  atmospheric  air,  and  crystallizes  by 
evaporation  in  four-sided  prisms,  which  are  very  soluble  in  water.* 
Catbo-  1613.  Carbo-sulphurets.     The    acid  of  these  sulphur-salts  is  bi- 

sulphurets. sulphuret  of  carbon. 

S^ttf '  ^^'^'  Carbo'sulpkuret  of  Potassium,  KS+CS',  56.26  sulphur  + 
potassium.  38-32  sulphur  acid  =  93.67  cq.  On  agitating  bisulphuret  of  car- 
bon with  a  strong  alcoholic  solution  of  protosulphuret  of  potassium, 
the  liquid  when  set  at  rest  separates  into  three  layers,  the  lowest  of 
which  is  carbo-sulphuret  of  potassium,  and  is  of  the  consistence  of 
syrup.  Another  nrocess  is  to  digest  bisulphuret  of  carbon  at  86* 
in  a  corked  bottle  full  of  a  strong  aqueous  solution  of  proto- 
sulphuret of  potassium,  until  the  latter  is  saturated.  A  concen- 
trated solution  of  this  salt  is  of  a  deep  orange,  almost  red  colour ; 

*  For  other  hjrdrosnlphiiretB  and  carbo-snlphurets  see  Toimr  sod  Liebig's  SUen. 
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and  when  evaporated  at  86^  to  the  coasistence  of  syrup,  a  deliques-    8«ct.m. 
cent  yellow  crystalline  salt  is  deposited,  which  is  sparingly  soluble 
in  alcohol. 

1515.  Carba-sulphuret  of  HydrosulphUe  of  Ammonia,  (H^N-|-  Carbo-sul- 
HS)  +  CS^  34.25   1  eq. .  sulphur  +  38.32  1  eq.  sulphur  acid  =  fj^^^, 
72.57  eq.    This  salt  is  prepared  by  filling  a  bottle  with  10  mea-  phate  of 
sures  of  nearly  absolute  alcohol  saturated  with  ammoniacal  gas  and  ^mmoDia. 
I  measure  of  bisulphuret  of  carbon,  and  inserting  a  tight  cork.     As  Procesf. 
soon  as  the  liquid  has  acquired  a  yellowish  brown  colour,  the  bottle 

is  plunged  into  ice-cold  water,  when  the  carbo*sulphuret  is  deposited 
either  in  yellow  penniform  crystals  or  as  a  crystalline  powder.  The 
whole  is  thrown  upon  a  linen  filter,  and  the  salt  after  being  washed 
first  with  absolute  alcohol  and  then  with  ether,  is  dried  by  pressure 
Mritbin  folds  of  bibulous  paper. 

1516.  This  salt  is  very  volatile  and  can  only  be  preserved  in  well  Vohtiie. 
corked  bottles.    Exposed  to  the  air  it  absorbs  humidity  and  ac- 
quires a  red  colour. 

1517.  ArseTdo-mLphtereU.     Berzelius  finds  that  each  of  the  three  Arsenio- 
sulphurets  of  arsenic  (page  276)  is  capable  of  acting  as  a  sulphur-  snlpbureta. 
acid,  giving  rise  to  three   distinct  families   of  sulphur-salts,  distin- 
guishable by  the  terms  arsenio^ersulphurets,  arsemO'Sesquistdphur' 

etSt  and  arsenio'protosulphurets. 

1518.  Persulphuret  of  Arsenic,  is  a  very  powerful  sulphur-acid, 
violently  displacing  hydrosulphuric  acid  from  its  combinations  with 
sulphur-bases,  even  at  common  temperatures ;  and  when  digested  with 
earthy  or  alkaline  carbonates,  it  expels  carbonic  acid.  The  salts 
of  this  sulphur-acid  may  be  prepared  by  several  methods.'^ 

1519.  Most  of  the  arsenio-persulphurets  of  the  second  class  of  Characten. 
metals  are  insoluble ;  but  those  of  the  metals  of  the  alkalies  and  al- 
kaline earths  are  very  soluble  in  water,  have  a  lemon -yellow  colour 

in  the  anhydrous  state,  and  are  colourless  when  combined  with  water 
of  crystallization  or  in  solution.  When  exposed  to  heat  in  close 
vessels  they  give  oflf  sulphur,  and  an  arsenio-sesquisulphuret  is  gene- 
rated. In  the  solid  state  they  are  very  permanent  in  the  air,  and 
even  in  solution  oxidation  takes  place  with  great  slowness.  When 
decomposed  by  an  acid,  persulphuret  of  arsenic  subsides,  hydrosul- 
phuric acid  gas  escapes,  and  a  salt  of  the  alkali  is  generated. 

The  salts  in  which  sesquisulphuret  of  arsenic  acts  as  an  acid,  re- 
semble those  of  the  persulphuret  both  in  their  general  characters  and 
mode  of  formation. 

1520.  Molyhdo' Sulphur eis.  The  electro-negative  ingredient  ofMolybdo- 
these  salts  is  the  tersulphuret  of  molybdenum,  and  the  most  remark-  sulphurtts. 
able  of  them  is  the  molybdo-sulphuret  of  potassium,  which  is  readily 
formed  by  decomposing  with  hydrosulphuric  acid  gas  a  rather  strong 
solution  of  molybdate  of  potassa.  If  no  iron  is  present,  the  liquid 
acquires  a  beautiful  red  colour,  like  the  solution  of  bichromate  of 
potassa,  and  on  evaporation  prismatic  crystals  with  four  and  eight 

sides  are  deposited.  Berzelius  describes  this  compound  as  one  of 
the  most  beautiful  which  chemistry  can  produce ;  the  crystals,  by 
transmitted  light,  are  ruby-red,  and  their  surfaces,  while  moist  with 

*  For  which  we  Tamer  and  Liebig*f  Ekm,  715. 
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Chap.  V.  the  solution  which  yielded  them,  shine  like  the  wings  of  certain 
insects  with  a  metallic  lustre  of  a  rich  green  tint.  The  crystals  are 
anhydrous,  dissolve  readily  in  water,  hut  are  insoluble  in  alcohol. 
On  the  addition  of  sulphuric  or  any  of  the  stronger  acids,  a  salt  of 
potassa  is  generated  with  escape  of  hydrosulphuric  acid,  and  preci- 
pitation of  tersulphuret  of  molybdenum. 

1521.  AntimonuhSulphurets.  When  two  parts  of  carbonate  of 
potassa  are  intimately  mixed  with  four  of  sesquisulphuret  of  antimo- 
ny and  one  part  of  sulphur,  and  the  mixture  is  fused,  an  antimonio- 
persulphuret  of  potassium  is  generated.  On  digesting  in  water,  a 
subantimonio-persulphuret  is  dissolved,  and  is  deposited  by  gentle 
evaporation  in  large  colourless  tetrahedrons,  which  become  yellow  on 
exposure  to  the  air. 

1522.  Tungsio-  Sulphurets*  The  best  known  of  these  salts  is  that  of 
potassium,  in  which  tersulphuret  of  tungsten  is  combined  with  pro- 
tosulphuret  of  potassium.  It  is  formed  when  a  solution  of  tungstale 
of  potassa  is  decomposed  by  hydrosulphuric  acid,  and  crystallizes  by 
evaporation  in  flat  quadrilateral  prisms,  which  are  anhydrous,  and 
are  of  a  pale  red  colour. 
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Section  IV.     Order  iih.    Haloid  S€dt5. 

1523.  Under  this  order  are  included  substances  composed  like  the 
preceding  salts  of  two  bi-elementary  compounds,  one  or  both  of  which 
are  analogous  in  composition  to  sea-salt.  The  principal  groups 
consist  of  double  chlorides,  double  iodides,  and  double  fluorides.  In 
these  the  haloid  bases  belong  usually  to  the  electro-positive  metals, 
and  the  haloid  acids  to  the  metals  which  are  electro-negative.  The 
same  principles  of  nomenclature  are  applied  to  them  as  to  the  sul- 
phur salts. 

1524.  Hydrar go-chlorides.  The  haloid  acid  of  this  family  is 
bichloride  of  mercury,  which  reddens  litmus  paper,  and  loses  the 
property  when  a  haloid  base  is  present,  thus  bearing  a  close  analogy 
to  ordinary  acids.  They  are  obtained  by  mixing  the  ingredients  in 
the  ratio  for  combining,  and  setting  aside  the  solution  to  crystallize. 
The  ammoniacal  salt  has  long  been  known  under  the  name  of  salt 
of  (dernbrotk. 

1525.  Auro^hlorides.  The  electro-negative  ingredient  of  these 
salts  is  the  terchloride  of  gold.  They  are  prepared  by  mixing  the 
chlorides  in  atomic  proportions  and  setting  aside  the  solution  to  crys- 
tallize. Most  of  them  have  an  orange  or  yellow  colour,  and  consist 
of  single  equivalents  of  their  constituent  chlorides. 

1526.  Platino-chlorides.  Both  the  protochloride  and  bichloride  of 
platinum  act  as  haloid  acids.  The  platino-protochloride  of  potassium 
is  made  by  mixing  chloride  of  potassium  with  a  solution  of  proto- 
chloride of  platinum  in  hydrochloric  acid.  It  crystallizes  in  red,  an- 
hydrous prisms  and  consists  of  single  equivalents  of  its  constitu- 
ent chlorides. 

1527.  The  Platino-bichloride  of  Hydrochlorate  of  Ammonia  (Ms 
as  a  lemon-yellow  powder,  when  sal  ammoniac  is  mixed  with  a 
strong  solution  of  bichloride  of  platinum. 

1528.  Palladuhchlorides  are  those  in  which  the  chlorides  of  palla- 
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diom  act  as  haloid  acids,  combining  with  many  of  the  metallic  chlo-    gecu  iv. 
rides,  when  iheir  respective  solutions  are  mixed  and  evaporated. 

1529.  Bhoduxhlorides  are  formed  when  sesquicbloride  of  rho- Rl|o4|j^' 
diam  combines  with  the  chlorides  of  potassium  and  sodium.  chlondea. 

The  chlorides  of  iridium  and  osmium  act  as  haloid  acids  and  pro- 
duce iriduhchlorides  and  osmUhchlorides. 

1530.  Oxy'dUorides.     Chemists  are  acquainted  with  a  considera-  Oxy-chlo- 
ble  number  of  compounds  in  which  a  metallic  oxide  is  united  with  rides. 

a  chloride  either  of  the  same  metal,  which  is  the  most  frequent,  or 
of  some  other  metal.  These  compounds  are  commonly  termed  sub' 
muriates^  on  the  supposition  that  they  consist  of  hydrochloric  acid 
combined  with  two  or  more  eq.  of  an  oxide. 

1531.  Oxy-chlorides  of  Iron,    When  the  crystallized  protochloride  Ozy-chlo- 
of  iron  is  heated  without  exposure  to  the  air,  the  last  portions  of  its  H^^'  ®^ 
water  exchange  elements  with  part  of  the  chloride  of  iron,  yielding 
hydrochloric  acid,  which  is  evolved,  and  protoxide  of  iron.     On 
raising  the  heat  so  as  to  expel  the  pure  chloride  of  iron,  a  deep  green 
oxy-chloride  in  scaly  crystals  remains.* 

1532.  The  ochreous  matter  which  falls  when  a  solution  of  the 
protochloride  of  iron  is  exposed  to  the  air,  is  hydrated  sesquioxide  of 
iron  combined  with  some  sesquicbloride.  A  similar  hydrate  is  ob- 
tained by  mixing  with  a  solution  of  the  sesquicbloride  of  iron  a 
quantity  of  alkali  insufficient  for  complete  decomposition.  When  a 
solution  of  the  sesquicbloride  is  evaporated  to  dryness  without  expo- 
sure to  the  air,  the  last  portions  of  water  exchange  elements  with  the 
sesquicbloride,  hydrochloric  acid  is  disengaged,  and  after  subliming 
the  pure  anhydrous  sesquicbloride,  a  compound  in  large,  brown, 
shining  laminae  is  left,  wnich  consists  of  sesquioxide  and  sesquicblo- 
ride of  iron.t 

1533.  Oxy-Moride  of  Copper  falls  as  a  green  hydrate  when  po-  Oxy-chlo- 
tassa  is  added  to  a  solution  of  chloride  of  copper  insufficient  for  its  "det  or 
complete  decomposition.     When  its  water  is  expelled  it  becomes  of  **^^'* 

a  liver-brown  colour.  According  to  Berzelius  it  consists  of  1  eq. 
chloride  ond  3  eq.  oxide  of  copper. 

1534.  It  is  used  as  a  pigment  under  the  name  of  Brunswick  green,  Bmntwkk 
being  prepared  for  that  purpose  by  exposing  metallic  copper  to  by-  S^en. 
drochloric  acid  pr  a  solution  of  sal-ammoniac.    The  same  compound 

is  generated  during  the  corrosion  of  copper  in  sea-water. 

1535.  Oxy-chloride  of  Lead  is  prepared  by  adding  pure  ammonia  Ozy-cblo- 
to  a  hot  solution  of  chloride  of  lead.     Another  is  known  under  the  F^^^ 
name  of  mineral  ox  patent  yellow,  and  is  prepared  by  the  action  of  *    '       . 
moist  sea-salt  on  litharge,  by  which  means  portions  of  the  protoxide  low.*^  ^^ 
and  sea-salt  exchange  elements,  yielding  soda  and  chloride  of  lead. 

After  washing  away  the  alkali,  the  mixed  oxide  and  chloride  are 
dried  and  fused. 

1536.  Chlorides  with  Ammonia.    The  perchlorides  of  tin  and  a  Chlorides 
few  other  metals  absorb  ammonia  at  common  temperatures,  and  most  ^th  un- 
of  the  other  chlorides  absorb  it  when  gently  warmed.     Calomel  "'^"'^ 
absorbs  half  an  equiv.  and  forms  a  black  compound,  but  on  exposure 

to  the  air  the  ammonia  flies  off,  and  pure  white  calomel  remains. 

^Bemlius.  tibid. 
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Chap  v»  Corrosire  sublimate,  by  the  aid  of  heat,  rapidly  absorbs  half  an  eq. 
and  forms  a  white  compound  which  is  insoluble  in  water,  and  bears 
a  considerable  temperature  without  decomposition  ;  the  white  preci' 
pitate  of  pharmacy  is  probably  analogous  in  nature,  though  the  ratio 
of  its  ingredients  is  different. 

1537.  Most  of  these  compounds  lose  their*  ammouia  by  mere  ex- 
(Kisure  to  the  air,  and  it  is  expelled  from  nearly  all  of  them  by  a 
very  moderate  heat. 
Cbloridea        1538.  Chlorides  with  phosphurttted  hydrogen.     Rose  has  traced  a 
wiih  pboa-  remarkable  analogy  betweea  ammonia  and  phosphuretted  hydrogen, 
CTdroelen     especially  in  the  compounds  which  they  form  with  metallic  chlorides. 
The  phosphuretted  hydrogen  is  readily  displaced  by  water,  or  a  so* 
lution  of  ammonia,  from  the  compounds  of  phosphuretted  hydrogen 
and  the  perchlorides  of  tin,  titanium,  antimony,  iron,  and  alumina, 
all  of  which  correspond  to  ammoniacal  chlorides  of  similar  composi- 
tion. 
Double  io-       1539.  Double  Iodides.     These  compounds  have   not  yet  been 
dides.         closely  studied  ;  but  there  is  no  doubt  that  the  iodides  are  capable  of 
forming  with  each  other  an  extensive  series  of  compounds.     A  vari- 
ety of  double  iodides  have  been  described  by  Boullay,  and  among 
them  a  compound  of  biniodide  of  mercury  and  hydriodic  acid.*     In 
general  the  double  hydrargo-biniodides  contain  single  equivalents  of 
the  respective  iodides.     Liebig  obtained  a  compound  of  the  bichlo- 
ride and  biniodide  of  mercury,  consisting  of  two  eq.  of  the  former  to 
one  eq.  of  the  latter,  as  indicated  by  the  formula,  Hg[^-|-2HgCl^ 

Several  compounds  of  biniodide  of  platinum  with  other  iodides 
have  been  studied  by  Kane  and  Lassaigne.t 
Platino-  1540.  Platino'biniodide  of  Potassium,  is  prepared  by  digesting  an 

biniodide  of  excess  of  biniodide  of  platinum  in  a  rather  concentrated  solution  of 
potaMium.  iodide  of  potassium.  By  spontaneous  evaporation  it  crystallizes  in 
small  rectangular  plates  surmounted  sometimes  with  a  four-sided 
pyramid,  which  are  anhydrous,  unchanged  in  the  air,  and  insoluble 
in  alcohol.  The  colour  of  the  crystals  is  black  with  a  metallic  lustre, 
and  they  yield  a  deep  claret-coloured  solution  with  water.  The 
biniodide  of  platinum  appears  to  combine  also  with  the  iodide  of  pla- 
tinum ;  but  the  compound  has  only  been  obtained  in  solution. 
Platino-  1541.  PlatifiO'biniodide  of  Hydrogen.     This  compound  consists 

biniodide  of  of  hydriodic  acid  and  biniodide  of  platinum,  in  which  the  former  is 
hydrogen.  f^g^f^Q^  ^g  (^q  electro-positive  element.  It  is  prepared  by  acting 
on  biniodide  of  platinum  with  a  cold  dilute  solution  of  hydriodic 
acid,  which  gradually  acquires  a  deep  claret  colour,  and  by  evapora* 
tion  under  a  bell-jar  with  quicklime,  deposits  black  acicular  crystals. 
The  crystals  become  moist  by  exposure  to  the  air. 
Ozy-io-  1542.  OxyAodides.     The  principal  oxy-iodides  at  present  known 

dides.  to  chemists  are  those  formed  by  the  oxide  and  iodide  of  lead.  When 
iodide  of  potassium  is  mixed  with  acetate  of  oxide  of  lead  in  excess, 
the  yellow  iodide  at  first  formed  combines  with  oxide  of  lead  and  ac- 
quires a  white  colour ;  and  the  same  compound  is  obtained  directly 
by  employing  a  subacetate.     Denot  finds  that  there  are  three  oxy- 


*■  Ann,  de  Chem,  et  dc  Phya,  xxziv. 

t  Dublin  Jour,  ofSd,  i.  304,  and  Ann,  de  Chim,  d  de  PhyM.  li.  126. 


iodides,  in  which  1  eq.  of  iodide  of  lead  is  united  with  onie,  two,  and   Meupr, 
five  equivalents  of  oxide  of  lead. 

1543.  DatMe  FiuorideS'    The  researches  of  Berzeiius  have  led  to  Double 
the  formation  of  several  extensive  families  of  double  fluorides,  in  ^"®"^^' 
which  the  fluorides  of  boron,  silicon,  titanium,  and  of  other  electro- 
negative metals  are  the  acids,  and  the  fluorides  of  electro-positive 
metals  are  bases.     In  some  instances  hydrofluoric  acid  is  a  haloid 
acid ;  but  more  commonly  it  acts  the  part  of  a  base. 

1644.  Hydro-jkumdesi     In  this  family  hydrofluoric  acid  is  com-  Hydro- 
bined  with  the  fluorides  of  electro-positive  metals.     If  an  equivalent  flooridet. 
of  any  electro-positive  metal  be  indicated  by  M,  then  the  general  for- 
mula for  this  family  is  MF-j-HF.       * 

1545.  B&nhfluaridei.     When  the  terfluoride  of  boron  (fluoboric  Boro-floo-.. 
acid  gas)  is  acted  upon  by  water,  one  out  of  every  four  eq.  of  the  '^^- 
gas  interchanges  elements  with  water,  giving  rise  to  hydrofluoric 

and  boracic  acids,  the  former  of  which  combines  as  a  haloid-base 
with  undecomposed  terfluoride  of  boron,  constituting  tbe  boro-hydro- 
fluoric  acid,  but  which  may  be  viewed  as  the  borthftuaride  of  hydro* 
gen.    This  change  is  such  that 

4  eq.  terfluoride  of  boitm  4  (B-f-3F)  .«  3  eq.  terflooride  of  boron        3(B-f-3F) 

[«   3  eq.  hydrofluoric  acid  3(H4*F) 

and  3  eq.  of  water  3  (H-|-0)     >«  and  1  eq.  boracic  acid  B-f-SO 

By  careful  concentration  and  cooling,  tbe  boracic  acid  separates  as  a 
crystalline  powder,  and  the  boro-fluoride  of  hydrogen  remains  in  so- 
lution. It  is  strongly  acid  to  test  paper,  and  its  composition  is  indi- 
cated by  the  formula  HF-f-BF'  being  an  equiv.  of  each  fluoride. 

1546.  BoTo-fiuoride  of  Potassium,     It  is  prepared  by  dropping  b0^.0qo. 
boro-fluoride  of  hydrogen  drop  by  drop  into  a  solution  of  a  salt  of  ride  of  po- 
potassa,  and  falls  as  a  gelatinous  transparent  hydrate,  which  is  a  ^**^^i^- 
white  very  fine  powder  when  dried.     It  has  a  slightly  bitter  taste, 

and  is  quite  neutral  to  test  paper,  is  very  sparingly  soluble  in  alcohol 
and  cold  water,  but  is  dissolved  freely  by  hot  water,  and  subsides  on 
cooling  in  small,  brilliant,  anhydrous  crystals.  At  a  strong  red  heat 
it  gives  ofl*  the  terfluoride  of  boron  and  fluoride  of  potassium  re- 
mains. 

1547.  SUico»fiuorides»    The  acid  solution,  called  silico-kydrofluoric  Salioo-flno- 
acid  may  be  viewed  as  the  ncbsesquirsilico  flwrride  of  kydrogen^  a  n^^* 
compound  of  157.16  parts  or  2  eq.  of  fluoride  of  silicon  and  59.04  or 

3  eq.  of  fluoride  of  hydrogen  (hydrofluoric  acid),  as  indicated  by  the 
formula  3HF+2SiF^  When  the  solution  is  neutralized  with  po- 
tassa,  the  alkali  interchanges  elements  with  the  fluoride  of  hydrogen, 
water  and  fluoride  of  potassium  are  generated,  and  the  latter  com- 
bines with  the  fluoride  of  silicon.  This  doable  fluoride  consists,  ^ 
therefore,  of  157.16  parts  or  two  eq.  of  fluoride  of  silicon,  and 
173.49  or  3  eq.  of  fluoride  of  potassium,  the  formula  of  which  is 
3KF-|-2SiF^  A  similar  change  ensues  with  the  protoxides  of  most 
other  metals,  and  hence  the  general  formula  of  the  silico-fluorides 
is  3MF+2SiF*.  On  exposing  these  compounds  to  a  red  heat,  floo- 
ride  of  silicon  is  disengaged. 

1548.  Titano-ftuorides.    Hydrofluoric  acid  dissolves  titaniG^acid,  Titaao-flo- 
and  forms  with  it  an  acii  solution  which  may  be  riewed  as  the  nde*. 
titano-fluoride  of  hydrogen.    When  mixed  with  polatsai  water  and 
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c^^^-y^  fluoride  of  potassiam  are  generated,  and  the  titano-flaoride  of  po« 
tassium  results,  the  formula  of  which  is  KF-j^TiP.  By  substitu- 
ting most  other  protoxides  for  potassa,  similar  salts  may  be  prepar- 
ed, the  general  formula  being  MF-f-TiP. 


CHAPTER  VI. 

ORGANIC    CHEMISTRY. 

Section  I.     Vegetable  Bodies. 


YMetal.le  1^9.  The  chemical  principles  of  which  animals  and  yegetaUes 
pfiueipict.  are  composed  are  exceedingly  numerous.*  We  can  seldom  obtain 
these  principles  in  a  state  of  such  purity  as  to  enable  us  to  examine 
their  properties  with  accuracy,  unless  when  they  are  capable  of 
crystallizing,  or  of  entering  into  definite  compounds  with  acids  or 
alvalies. 
Com-  1550.  These  principles  are  all  compounds,  and  consist  sometimes 

poands.  of  two,  sometimes  of  three,  and  sometimes  of  four,  simple  bodies  uni- 
ted together ;  but  seldom  of  more.  These  simple  bodies  are  hydrogen, 
j^pl*  carbon,  oxygen  and  nitrogen,  which  may  be  considered  as  constituting 
^*^*  in  a  ^eat  measure,  the  basis  of  the  animal  and  vegetable  kingdoms. 
Com-  1551.  Organized  principles  composed  of  two  ingredients  are  of 

ponodt  of  four  kinds.     1,  composed  of  hydrogen  and  carbon,  as  oil  of  turpen- 
dSmu*'*'  tine;  2,  of  hydrogen  and  oxygen,  as  water;  3,  of  carbon  and  oxy- 

'        gen,  as  oxalic  acid ;  4,  of  carbon  and  nitrogen,  as  cyanogen. 
Of  time,        155^.  Those  composed  of  three  constituents  are  much  more  nu- 
merous. 

The  most  common  constituents  are  carbon,  hydrogen  and  oxy- 
gen. The  greater  number  of  the  acids,  alcohol,  ethers,  sugars, 
gums,  &c.,  are  thus  constituted. 

Some  few  organized  bodies  are  composed  of  carbon,  hydrogen, 
and  nitrogen.  Some  are  supposed  to  be  composed  of  carbon,  nitro- 
gen and  oxygen. 
Of  four,  1553.  The  organic  principles  composed  of  four  constituents,  con- 
sist of  carbon,  hydrogen,  nitrogen  and  oxygen,  united  in  various 
proportions.  The  number  of  atoms  of  nitrogen  contained  in  these 
compounds  is  generally  small  compared  with  that  of  the  other 
three  constituents,  and  there  is  almost  always  a  great  preponderance 
in  the  atoms  of  carbon  and  hydrogen  oyer  those  of  nitrogen  and 
oxygen. 
Sopposed        1554.  It  has  been  supposed  by  some  chemists  that  there  is  an 

difference    essential  difference  between  the  affinities  which  unite   the  atoms 

in  affinitiee       __^ 

of  atom*  of 

organizfld        *  The  Domber  of  ditcoTeries  which  hsTe  of  late  been  made  in  this  department  of 

and  unor-    chemistrr,  is  such  that  the  limits  of  this  work  will  not  allow  of  a  full  aocoant  of 

ganized       them.    For  minute  details  the  student  must  be  referred  to  the  recent  elaborate  work 

fiodieai        of  Thomson:   CfiemUhy  qf  Orgrmic  Bodietf  Vegetable*,    London,  1838,  p.  107^ 

and  the  third  part  of  Liebig  andrTDmer's  Elemam;  as  the  former  is  complete,  and 

oomprisee  an  acooont  of  ail  the  recent  researches  of  the  European  chemists  in  this 

dapartment,  it  will  be  employed  as  the  basis  of  this  chapter.    Of  Liebig's  cootinna- 

tion  of  Turner's  JSEementt,  but  100  pages  have  appefted.     Tha  latter  T  will  refiir  to 

the  flrat  and  L  to  tba  saoood. 
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constitating  orgauic  principles,  and  those  which  unite  the  atoms  of    b<cM. 
unorganized  bodies ;  that  there  is  some  unknown  power  besides 
chemical  affinity,  which  interferes  with,  and  regulates  the  combina- 
tions and  decompositions  of  organized  bodies,  which  is  wanting  in 
those  that  are  unorganized.    The  great  difierence  between  the  two  . 

classes  of  bodies  consists  in  this,  that  the  organized  are  much  more  ^^l^^f 
complicated  in  their  structure,  containing  a  much  greater  number  atoms, 
of  atoms  than  the  unorganized.     Hence  they  are  much  more  unsta- 
ble, much  more  easily  decomposed,  and  much  more  liable  to  decom- 
position than  unorganized  bodies. 

1665,  The  prevailing  opinion  is  that  Hnary  compounds  alone  ex-  profiiUng 
ist :  that  is  to  say,  that  one  electro-negative  atom  is  only  capable  of  opinion, 
combining  with  one  electro-positive  atom.  Two  of  these  binary 
compounds  may  combine  together,  making  a  new  binary  compound 
of  four  atoms.  Two  of  these  binary  compounds  may  combine 
with  each  other,  making  a  new  binary  compound  of  eight  atoms. 
And  in  this  way  binary  compounds  may  be  formed  as  complicated 
as  any  that  exist.*    T.  a. 

1556.  Many  of  the  principles  or  definite  compounds  which  exist  Cryttalli- 
in  the  vegetable  kingdom,  or  which  may  be  formed  from  vegetable  «•*>*•» 
bodies,  are  capable  of  crystallizing,  and  in  this  way  may  be  procur- 
ed in  a  state  of  purity.     Others  are  volatile,  and  are  formed  or  driv-     .    . 
en  off  at  particular  temperatures.     Frequently  several  of  these  vola-  ^SaidfS&a, 
tile  bodies  occur  together,  and  in  such  cases  we  have  scarcely  the 
means  of  obtaining  them  in  a  state  of  purity  unless  when  they  en- 
ter into  definite  and  crystallizable  compounds  with  some  other  sub- 
stance. 

1557.  It  is  not  unlikely  that  all  the  vegetable  principles  may  be  au  my 
found  hereafter  to  be  capable  of  entering  into  definite  compounds  form  defi- 
with  other  bodies,  and  that  they  will  ultimately  be  possessed  of  ^I^o^qq^' 
character  of  acids  or  bases.     But  there  are  many  which,  so  far  as 

our  present  knowledge  extends,  do  not  seem  capable  of  forming 
any  such  definite  compounds,  thus  caoutchouc  neither  combines 
with  acids  nor  bases.     We  must  consider  such  bodies  as  neutral. 

1558.  There  are  also  several  groups  of  bodies  which  have  beenonnipidis- 
distinguished  by  a  common  name,  some  of  which  neutralize  acids,  tinguithod. 
and  therefore  ought  to  constitute  bases,  while  others  of  the  same 

group  neutralize  bases,  and  therefore  ought  to  constitute  acids; 
while  a  considerable  number  has  been  so  imperfectly  examined  that 
we  do  not  know  whether  they  be  acids  or  alkalies.  This  is  the 
case  with  the  group  of  bodies  distinguished  by  the  name  of  vola- 
tile oils. 

1559.  Inconsequence  of  the  imperfect  state  of  our  knowledge  Temporary 
of  these  and  various  other  groups  similarly  circumstanced,  a  tempo-  jjjj^,|j' 
rary  class  may  be  formed  under  the   name   of  intermediate  bodies^  bodies, 
which  will  disappear,  when  the  investigation  of  vegetable  principles 

has  made  greater  progress. 

1560.  All  the  vegetable  principles  may  be  arranged   under  the  P*>nr  «!•»•• 

es. 


*  Thomson  dissenU  from  this,  and  remarks  that  at  present  we  have  no  means  of 
knowing  how  the  numeioos  atoms  that  oonstttote  organic  principles  ars  grouped  to- 
gather. 


oh»p>vi'  foar  foUQwing  classes : — 1.  Acids.    2.  Alkalies-    3. 
principles.    4  Neutral  principles. 

1561.  Before  describing  the  characters  of  the  various  principles* 
and  to  render  the  new  terms  intelligible,  it  will  be  proper  to  notice 
the  results  of  the  late  investigations  of  Wohler,  Liebig,  Pelouse 
and  Dumas. 
Theory  of  1562.  Theory  of  Amides^  or  Amidets,  If  we  represent  the  com- 
•midM.  position  of  oxalic  acid  by  the  formula  G°0^  and  that  of  ammonia 
by  NH',  we  may  represent  oxalate  of  ammonia  by  GtOs-^NHs.  It 
was  observed  by  Dumas,  that  when  crystallized  oxalate  of  ammonia 
is  distilled  there  is  obtained,  among  other  products,  a  white  tasteless 
powder,  which  he  distinguished  bv  the  name  of  oxamide.^  On  an- 
alyzing this  he  found  it  composed  of  GsOi-j-NH^  It  is  therefore 
oxalate  of  ammonia  deprived  of  an  atom  of  water.  When  heated 
with  potassa,  ammonia  is  disengaged,  and  oxalate  of  potassa  formed. 
By  this  treatment,  therefore,  it  is  converted  into  oxalate  of  ammo- 
nia, and  of  course  must  have  resumed  the  atom  of  water  which  it 
had  lost. 
Ain|4C|bow  1563.  The  term  amide,  has  been  generalized  and  is  applied  to  all 
applied,  those  anhydrous  compounds  of  an  acid  and  ammonia  which  by  heat 
ma  V  be  deprived  of  an  atom  of  water ;  or  to  all  those  compounds, 
which,  by  the  addition  of  an  atom  of  water,  can  be  converted  into 
a  salt  of  ammonia. 

Benzoic  acid  oniitti  of        ...  .  CuH«Qb 

Ammonia        ....  11«N 


Benzoate  of  Ammonia  of       .  Ci4H8Qi+H«N 

Now  Wohler  and  Liebig  obtained  a  substance  to  which  they  gave 
the  name  of  Benzamide,  composed  of  Gi4H50;(-|-HtN,  so  that  it  dif- 
fered from  benzoate  of  ammonia  by  containing  HO  or  an  atom  of 
water  less.  Now  as  oxalate  of  ammonia  and  benzoate  of  ammonia 
are  in  all  probability  binary  compounds,  it  has  been  inferred  that  ox- 
amide  and  benzamide  are  also  binary  compounds,  thus 

Oxamide  ....  C^^H«N 

Benzamide        ....      CuHcQ^fiisN 

If  this  be  admitted,  it  will  follow  that  Cfi^  and  CnHgOs  are  cora^ 

pounds  capable  of  existing  and  of  combining  with  other  bodies ;  and 

likewise  that  there  is  such  a  compound  as  H,N. 

Liebig*!  1564  Liebig  applies  the  name  amide  to  the  hypothetical  com- 

application  pound  of  two  atoms  of  hydrogen  and  one  atom  nitrogen.     If  potassi- 

^'    um  is  heated  to  the  point  of  fusion  and  a  current  of  dry  ammonia 

passed  over  it,  hydrogen  gas  is  evolved,  and  the  potassium  at  first 

increases  in  bulk,  loses  the  metallic  lustre,  and  is  converted  into  a 

clear  liquid,  which  on  cooling  concretes  into  a  gray  silky  mass ;  it  is 

instantly  converted  into  potassa  and  ammonia  on  the  addition  of 

water.     It  is  called  potassamide,  or  a  compound  of 

1  atom  potaniam  .  .  .  .  K 

1    "        of HaN 


K+H,N 


*  A  contraction  of  onlata  of  ammnnia. 


Add  1  atom  water         ....  HO  8tct.l. 

and  we  have  ....        KO^JUsN 

or  an  atom  of  potasfa  and  an  atom  of  ammonia.* 

1565.  Dumas  has  given  to  these  corapoundjs  the  name  of  amidet,  Amideu 
Thus  oxamide  he  calls  amidet  of  oxide  of  carbon  H3N+C2O,;  CA^'^''"*"* 
being  a  compound  similar  in  constitution  to  oxide  of  carbon,  which 

is  CO.t 

1566.  Theory  of  Benzoyl    A  remarkable  train  of  discoveries  has  Theory  of 
been  made  by  Wohler  and  Liebiff  while  investigating  the  volatile  ■*°"y^' 
oil  of  bitter  almonds.     They  have  Ted  to  the  inference  that  the  basis 

of  benzoic  acid  is  a  substance,  to  which  they  have  given  the  name  of 
benzoyl  composed  of  C14H5O9. 

The  oil  of  bitter  almonds  isa  hydret;  or  CuHsOsrf-H 

Benzoic  acid  is  an  oxide,  or    .        .  Ci4H5(VK) 

They  obtained  also  chloride,  bromide,  sulphuret  and  cyanide  of 
benzoyl. 

These  diseoveries  render  it  almost  certain  that  benzoyl  exists  as  a 
separate  compound,  and  that  it  is  capable  of  combining  with  the  sup- 
porters of  combustion  and  cyanogen,  also  with  hydrogen,  sulphur, 
and  doubtless  other  simple  substances  or  compounds.  Similar  com- 
pounds have  been  discovered  by  Lowig  in  the  volatile  oil  of  spiresa 
ulmaria,  which  is  a  hydret  of  spiroil.t  Analogy  leads  to  the  infer- 
ence that  other  (probably  all  the)  vegetable  acids  have,  like  the  ben- 
zoic, a  base»  and  that  the  acid  is  a  compound  of  that  base  with 
oxygen. 

1567.  Theory  of  Ethers.    According  to  Dumas  the  base  of  ether  Theory  of 
is  C4H4.4    Sulphuric  ether  is  C4H4+HO ;  oxalic  ether  is  (C4H4+  «*»•"• 
H0)-|-C30a  and  so  on  of  the  others. 

According  to  Liebig,  the  radical  of  ether  is  CfHf.     Sulphuric  ether  Liebtg 's. 
is  an  oxide  of  C4H5,  and  is  represented  by  G4H8+O,  or  (for  shortness 
sake)  by  C4HCO.     Alcohol  is  a  hydrate  of  sulphuric  ether,  or 
C4H,0+H0. 

The  radical  of  ether  is  capable  of  combining  with  chlorine,  bro-  <^ 

mine,  and  iodine,  and  forms  chloric,  bromic,  and  iodic  ethers,  com- 
posed as  follows : 

Chloric  ether  ....  C4HS+2CI 
Bromic  ..>...  C4HrH2Br 
Iodic C4Hrl-2I 

All  the  oxygen-acid  ethers  are  combinations  of  an  atom  of  sulphuric 
ether,  which  possesses  the  characters  of  a  base  with  an  atom  of  the 
acid. 

1568.  What  have  been  considered  as  alcohol  acids  a^e  merely  Alcohol 
combinations  of  one  atom  of  ether  acting  as  a  base  with  two  atoms  of  acids, 
the  acid.     They  ought  rather  to  be  considered  as  salts,  consisting  of 

two  atoms  acid  united  to  one  atom  base,  than  as  acids  mi  generis,\\ 

^  According  te  Kaoe  rthite  predpUaU^  of  the  Pharmaeop.,  is  a  morcnramide,  or  a 
compound  of  Hg+HsN. 

tFor  other  examples  see  Thomson,  7,  and  Oomas'  Chim,  appliqu^^  t.  83. 

t  A  supposed  base. 

f  Gelled  by  Thomson  in  CSftsm.  qf  Imrg:  Bodies,  Tetarto-carbohydrogen. 

il  Thomson  is  disposed  to  prefer  the  theory  of  Li«big  as  the  simplest,  and  as  agree- 
ing best  with  the  pbenomeoa.  Liebig  has  extended  his  theoiy  much  farther,  and 
msde  it  to  apply  to  sugars,  Ate.    T.  9. 
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o»»*p  v^*  1669.  Theory  of  Pyradds.  There  are  eevoTal  vegetable  acids 
Theory  of  wbicb,  wben  distilled,  uadergo  decocnpositioQ,  and  new  acids  are 
pyncids.  generated  by  the  process,  which  have  been  distinguished  by  the 
name  o^pyracids.  Thus  tartaric  acid  when  so  treated,  yieidspyro- 
'^^'toWartc  acid,  gallic,  pyrogallic,  tec.  It  has  been  observed  by 
•d  by  heat,  ^^louze,  that  the  nature  of  the  decomposition  is  regulated  by  the 
degree  of  heat  applied.  When  the  heat  is  not  too  high,  the  acid  is 
resolved  into  a  pyracid,  carbonic  acid  and  water,  or  sometimes  into 
a  pyracid,  and  one  or  other  of  the  two  last  products.  Thus  when 
tannin  is  distilled  at  a  heat  of  482^  it  is  resolved  into  carbonic  acid, 
water,  and  metagallic  acid.  Tannin  being  CuHfia  three  atoms  of 
tannin  are  C^EImOis.  Now  these  three  atoms  are  resolved  by  the 
heat  into 

6  atomi  carb.  add  =€«        Ois 

8      ««    water  »      H,  0« 

8      **    metagallio  acid  ^CfsHicOit 

Cm  Hm  0)« 

When  gallic  acid  is  diatilled  at  419^,  it  ia  conyerted  into  pyrogaUic  acid  and 
carbonic  acid, 

Gallic  acid  it        .  Cj  Hs  Os 


Pyrogallic  acid  ia  .  Ci  Hi  O3 

Carb.  ««    ii.  C        Q2 


C7HsQf 

At  the  482^  no  pyrogallic  acid  ia  formed,  but  only  metagallic  acid,  water,  and 
carbonic  acid, 

1  atom  gallic  acid  is  C?  H3  Os 

1    *«    metagallic  ••  sQt  H9  Os 

1    •*    carb.  acid  **  .  .        =C         Oa 

1    »«    water  .        s      H  O 


CrUsOk 

Sometimes  the  saturating  power  of  a  vegetable  acid  is  not  altered  by 
converting  it  into  a  pyroacid  ;  sometimes,  according  to  Pelouze,  it  is 
reduced  one  half.^ 

From  these  observations  it  has  been  inferred  that  gallic  acid  is  a 
compound  of  pyrogallic  acid  and  water,  and  so  of  others.! 
TlMoryof        1570.   Theory  of  Substitutions.     Oxygen,  chlorine,  bromine,  and 
sohstita-     iodine  may  be  made  to  unite  with  various  compound  bodies,  while  at 
the  same  time  these  bodies  give  out  hydroffen.     Thus  when  dry 
chlorine  gss  is  passed  into  pure  oil  of  bitter  almonds,  which  is  com- 
posed  of  C14H5O3-I-H,  it  loses  its  atom  of  hydrogen  which  con- 
stituted it  a  hydret,  for  which  an  atom  of  chlorine  is  substituted, 
making  a  compound  consisting  of  GuHiO|-f*(^l>  which  is  a  chloride 
of  benzoyl.     This  and  analogous  facts  have  been  generalized  by  Du- 
mas, who  has  drawn  from  them  the  following  general  conclusions. 
Damas*s         1571.  1.  When  a  body  containing  hydrogen  is  subjected  to  the 


tions. 


eonela- 


^Ann,  de  Chim.  et  Phys,  hi.  303. 

t  Thomson  does  not  agree  in  this  o]nnion  and  thinks  it  more  probable,  that  by  tha 
temperature  applied,  a  oertaia  portion  of  the  carbon,  or  hydrogen,  or  of  both,  under* 
goes  combustion,  aod  that  the  remaining  atoms  arrange  thamselVM  ao  aa  to  eooatitoia 
the  PTioacids* 
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dehydrogenizing  action  of  oxygen,  chlorine,  bromine,  or  iodine«  for  Bucu  i. 
every  atom  of  hydrogen  that  it  loses  it  gains  an  atom  of  oxygen, 
chlorine,  bromine,  or  iodine.  2.  When  the  hydrogenous  body  con- 
tains water,  this  last  body  loses  its  hydrogen  without  anything  being 
replaced.  If,  after  this,  any  hydrogen  be  abstracted,  it  is  replaced  by 
a  corresponding  number  of  atoms  of  oxygen,  chlorine,  &c.*    t. 

1572.  Laurentt  considers  the  base  or  radical  of  every  organic  Launat't 
body  to  be  a  compound  of  carbon  and  hydrogen  united  together,  so  Ti«w. 
that  the  atoms  of  the  carbon  bear  a  simple  relation  to  those  of  the 
hydrogen.     When  these  radicals  are  subjected  to  a  dehydrogenizing 
process,  as  by  passing  a  current  of  chlorine  through  them,  they  gra- 
dually lose  their  hydrogen  or  a  part  of  it,  but  gain  as  many  atoms  of 

the  dehydrogenizing  body  as  they  lose  of  hydrogen.  So  that  if  we 
add  the  number  of  atoms  of  the  new  body  to  those  of  hydrogen  re- 
maining, the  sum  will  make  up  the  number  of  atoms  of  hydrogen 
originnlly  present  in  the  radical. 

1573.  The  dehydrogenizing  body,  or  a  part  of  it,  being  converted 
into  water,  nitric  acid,  hydrochloric  acid,  &c.,  may  either  be  disen- 
gaged or  remain  combined  with  the  new  compound  formed. 

1574.  The  fundamental  radical  and  its  derivatives  will  be  neutral  ]^Qm^, 
or  alkaline,  whatever  be  the  portion  of  oxygen,  hydrogen,  &c.  enter- 
ing into  it.     But  when  the  oxygen,  &c.  enters  into  combination  with  ^^^^ 
the  radical,  it  renders  it  acidt  how  small  soever  the  uniting  portion  Eihttof 
may  be.     Those  bodies  which  enter  into  combination  without  being  heat 

a  part  of  the  radical,  may  be  removed  by  heat,  alkalies,  &c.,  without 
being  replaced  by  anything  else.  But  when  a  body  constitutes  a 
part  of  the  radical,  this  cannot  be  done.    T.  i3. 


1575.  Liebig  has  termed  certain  compound  bodies,  which  have  the  Compoand 
property  of  uniting  with  simple  bodies,  compound  radicals.    Those  ^^^^^ 
which  unite  with  hydrogen  give  rise  to  hydracids.    He  has  arranged    *  '* 
these  combinations  in  groups,  according  to  the  radical  of  each ;  the 
individual  members  of  each  group  arising  from  the  combinations  of  the 
radical  with  the  elements,  and  from  the  union  of  the  compounds  thus 
formed  with  other  compound  bodies. 

1576.  Whenever  one  or  more  of  the  constituent  parts  is  removed  New  com- 
from  any  of  these,  a  new  compound  of  another  radical  is  produced,  poonde. 
When  the  oxygen  has  been  removed,  and  its  place  supplied  by  its  Oxygen te- 
equivalent  of  sulphur,  a  sulphur-compound  of  the  same  radical  is  °^^^*^- 
formed,  and  its  properties  are  similar  to  those  of  the  oxygen-com- 
pound. 

When  the  hydrogen  is  displaced,  and  its  position  occupied  by  its  Hydragn. 
equivalent  of  chlorine  or  oxygen,  there  will  be  formed  either  a  similar 
compound  of  a  similarly  constituted  radical,  or  several  new  com- 
pounds of  a  more  simple  radical. 

1577.  All  combinations  of  compound  radicals  not  containing  nitro-  Comhina- 
gen,  are  reduced  when  exposed  to  the  action  of  oxygen  to  oxides  of  ^"J^J^j^ 
more  simple  radicals,  the  higher  or  lower  degree  of  oxidation  being  ndicmls not 
dependent  upon  the  quantity  of  oxygen  present.  containing 


nitragan, 


*  For  tzamplea  tee  T.  Or£^,  Chem,  11.        t  Ann.  de  Ckim,  et  Phyt.  Ixi.  188. 
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1578.  Organic  compounds  not  containing  nitrogen,  may  be  de- 
composed in  three  different  ways,  when  brought  into  contact  with 
concentrated  or  anhydrous  sulphuric  acid;  firstly,  the  acid  may 
withdraw  water  from  the  compound,  or  at  least  oxygen  and  hydro- 
gen in  the  proportions  in  which  they  form  water ;  in  this  case  the 
other  component  parts  unite  into  one  or  more  new  compounds ;  thus 
oxalic  and  sulphuric  acids  give  rise  to  the  formation  of  water,  of  car- 
bonic oxide  and  of  carbonic  acid ;  or,  secondly,  the  acid  may  at  the 
same  time  give  oxygen  to  a  part  of  the  carbon  of  the  compound, 
when  the  above  products,  together  with  sulphurous  acid,  will  be  pro- 
duced ;  or,  thirdly,  the  acid  may  give  oxygen  to  the  hydrogen  of  the 
compound,  and  iu  this  case  be  converted  into  hyposulphurous  acid, 
which  usually  enters  into  very  intimate  combination  with  the  organic 
substance  thus  modified. 

1579.  By  the  action  of  strong  acids  upon  substances  containing 
nitrogen,  there  is  frequently  produced  through  the  medium  of  the 
constituents  of  water,  on  the  one  hand  ammonia,  which  combines 
with  the  acid,  and  on  the  other  an  oxide  of  a  new  radical,  in  which 
all  the  carbon  of  the  original  comjiound  is  present.  Hydrocyanic 
acid  and  hydrochloric  acid ;  oxamid,  urea,  and  sulphuric  acid, 
&c.  &;c. 

1580.  All  organic  compounds  not  containing  nitrogen,  are  decora- 
posed  by  being  fused  with  hydrate  of  potassa,  and  if  the  latter  be 
present  in  sufficient  quantity,  the  decomposition  is  not  attended  with 
the  separation  of  carbon ;  the  products  which  are  formed  are  the 
same  as  those  resulting  from  the  action  of  powerfully  oxidizing 
agents ;  water  is  generally  decomposed,  its  oxygen  unites  with  the 
carbon  and  hydrogen  of  the  substance,  while  its  hydrogen 
is  liberated,  and  either  escapes  in  the  form  of  gas,  or  enters 
into  some  new  combination.  The  resulting  products  of  this  decom- 
position may  be  either  ulmic,  acetic,  and  oxalic  acids,  oxalic  acid 
alone,  or  solely  carbonic  acid,  according  to  the  degreeof  temperature 
to  which  the  mixture  is  exposed. 

1581.  AH  organic  compounds  containing  nitrogen  are  decomposed 
by  being  boiled  in  a  solution  of  caustic  potassa,  or  by  being  fused 
with  the  hydrate ;  the  products  are  generally  the  same  as  those  ge- 
nerated by  the  action  of  a  strong  acid  upon  the  same  substances,  only 
that  with  potassa  the  ammonia  is  liberated,  while  the  oxide  of  the 
new  carbonized  radical  enters  into  combination  with  the  potassa. 
Many  substances  which  are  very  rich  in  nitrogen  are  converted, 
with  the  separation  of  a  part  of  the  nitrogen  as  ammonia,  and  the 
absorption  of  oxygen,  into  cyanic  acid,  and  this,  by  uniting  with  the 
potassa  escapes  further  decomposition  ;  in  this  case  the  fused  resi* 
due  is  completely  decomposed  into  ammonia  and  carbonic  acid  by 
beinjGf  dissolved  in  a  little  water  and  boiled. 

1582.  When  organic  bodies  are  exposed  to  the  destructive  distil- 
lation, their  constituents  give  rise  to  the  production  of  new  volatile 
compounds  of  more  simple  radicals,  either  with  or  without  the  depo- 
sition of  carbon.  The  products  vary  with  the  temperature,  which 
gives  rise  to  the  division  of  the  distillation  into  several  periods.  In 
the  first  are  produced  organic  acid  of  more  simple  radicals,  carbonic 
acid,  water,  and  combustible  fluids,  which  admit  of  being  mixed  with 
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water.  In  the  second  period,  the  products  of  the  decomposition  of  Sact.  n. 
the  nevr  sabstances  formed  during  the  first,  are  generated ;  the  acids 
disappear^  their  oxygen  unites  with  a  part  of  their  hydrogen  and 
carbon,  forming  more  simple  compounds,  as  carbonic  oxide,  carbonic 
acid}  and  water,  a  portion  of  the  carbon  is  generally  deposited,  while 
the  rest  unites  with  hydrogen,  giving  rise  to  volatile  or  fixed  oleagi- 
nous substances.  In  the  last  period,  only  charcoal  and  gases  are 
obtained ;  the  latter  generally  consisting  of  a  mixture  of  carbonic 
oxide,  olefiant  and  light  carburetted  hydrogen  gases. 

Substances  containing  nitrogen  form,  under  the  same  circum- 
stances, ammonia,  and  sometimes  cyanic  acid ;  in  the  last  period, 
cyanogen  and  hydrocyanic  acid. 

15^.  When  an  organic  compound  is  exposed  to  a  similar  decom*  Effect  of 
position  in  contact  with  a  strong  base,  which  is  not  reduced  by  a  red  ^^'^"^ 
heat,  it  is  generally  decomposed  into  carbonic  acid,  which  remains  "^' 
in  combination  with  the  base,  and  into  one  or  more  new  substances. 
Should  these  latter  contain  oxygen,  they  may  be  entirely  deprived  of  Oxygen  w 
it  by  a  new  distillation  with  the  base,  the  oxygen  giving  rise  to  ano-  ™**'*^' 
ther  portion  of  carbonic  acid,  while  the  other  constituents  of  the  sub- 
stance are  obtained  in  the  form  of  solid,  fluid,  or  gaseous  compounds 
of  carbon  and  hydrogen,     l.  738. 


Section  II.     Vegetable  Acids, 

1684.     These  acids  may  be  divided  into  seven  sets — 1.  Volatile '^oa^P:  . 
AcidSf  or  those  which  may  be  volatilized  without  decomposition  ;  2.  JiJ[[*of    ' 
Fixed  Acids,  such  as  cannot  be  volatilised  or  distilled  over  without  acide. 
decomposition  ;  and  these  may  be  subdivided  into  such  as  are  de- 
composed when  exposed  to  heat,  but  furnish  at  the  same  time  pyr^ 
acids;  and,  3,  into  those  whose  pyracids  are  unknown.     4.  Oily 
Acids,  or  those  into  which  oils  or  wax  are  converted,  when  boiled 
with  potassa  or  soda.     The  combination  with  the  alkali  constituting 
soap.     5.  Acids  containing  nitrogen*      6.  Acids  imperfectly  exa^ 
mined,     7,  Compound  Acids,  consisting  of  a  vegetable  principle 
united  to  a  strong  mineral  or  vegetable  acid. 

1585.  Oxalic  Acid,   2CO+O,  2  eq.    carb.  oxide  +  1  oxy.=  Oxalic 
36.24.  (L.)  CaOa  =36.  (T.)  This  acid  was  discovered  by  Scheele  in  *«i^- 
1776.     It  occurs  in  several  plants,  particularly  of  the  genera  oxalis, 
rumex,  &;c ;  combined  with  potassa  in  roots  and  with  lime  in  several 
kinds  of  lichens.*  Oxalate  of  lime  is  also  an  ingredient  of  several  uri- 
nary calculi ;  the  acid  is  a  product  of  the  decomposition  of  uric  acid,  of 

all  organic  compounds  not  containing  nitrogen  when  oxidized  by  ni- 
tric acid,  or  acted  upon  by  hydrate  of  potassa,  or  by  permanganic 
acid ;  it  is  also  formed  by  the  decomposition  of  cyanogen  with  water 
and  ammonia.     L. 

1586.  It  is  obtained  by  diffesting  by  aid  of  gentle  heat  one  part  of  sugar,  or  p-o*g--  « 
better  still,  of  potato  starcb,  in  5  parts  of  nitric  acid  of  sp.  gr.  1.42,  diluted  with  '^"'''"  '• 
10  parte  of  water,  as  Ions  as  caseous  products  are  evoWed ;  by  oTaporation  the 

acid  is  obtained  in  crystals,  which  may  be  purified  by  a  second  ciystallization 
after  being  well  dried  on  paper  or  porous  earthen  ware. 

*  Said  to  occur  in  HumboUine  with  oiide  of  iron  by  RiTero— not  eonfinbed  by 
Thomson's  analysis.    See  his  MneraU^,  ii.  469. 
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Ch«p.  Vf*  When  prepared  on  the  iwrge  scale  the  proceas  ia  oonduoled  in  cylindrical  ve*- 
"^"^"^  aela  of  earthern  ware,  which  are  heated  liy  being  surrounded  with  warm  water ; 
on  a  small  scale  it  may  be  made  in  a  porcelain  dish.  From  V2  parts  of  potato 
starch  5  of  the  acid  are  obtained.  The  mother  liquor  should  be  treated  with 
an  additional  quantity  of  acid,  and  again  warmed,  when  a  second  crop  of  crya« 
tals  will  be  formed  ;  this  is  repeated  until  the  solution  is  quite  exhausted.  Oa 
account  of  the  cheapness  of  nitric  acid,  Ihis  is  the  usual  proceas  now  adopted  in 

the  manafactoriea.    Any  N  adherinc  to  the  crystals,  may  be  removed  by  gently 
heating  them  in  a  porcelain  dish,  or  oy  repeated  cryatallization.*    L. 
Procesa  8.       It  may  also  be  ootained  by  precipitating  a  solution  of  the  superoxalates  of  po- 
taasa  by  acetate  of  lead  or  suipnuret  of  banum,  carefully  washing  the  precipitate, 

and  decompoaing  it  while  yet  moist  by  dilute  S.    Filter  and  evaporate.    To  de- 

compose  the  oxalate  of  lead  or  baryta  five  patti  of  strong  S  must  be  employed 
dilated  with  ten  of  water  for  every  seven  parts  of  the  oinoxalate  of  pocassa. 

•  ■  a 

Nine  tenths  of  the  dilute  S  is  to  be  added  in  saccessive  portions  to  the  moist  lead 
or  heretic  precipitate  ;  sulphate  of  lead  or  baryta  is  instantly  formed,  and  the  ox* 
alio  acid  is  dissolved  by  the  water.  After  the  mixture  has  atood  some  hours,  the 
clear  liquid  ahould  be  poured  from  the  precipit&te,  which  should  be  repeatedly 
washed.  The  solution  yields  upon  evaporation,  crystals  of  pure  oxalic  acid ; 
any  trace  of  lead  may  be  removed  by  hydrosulphuric  acid  gas.  The  residne  uf 
sofphate  of  lead  or  naryta,  which  atill  contains  aome  undecomposed  oxalate, 

must  be  treated  with  the  remaining  tenth  of  the  dilute  S,  and  heated  with  a 
little  more  water ;  in  this  manner  an  additional  quantity  of  impure  oxalic  arid  is 

Tbeorr        obtained,  but  the  S  may  be  separated  from  the  crystals  by  washing. 

15S7.  The  productian  of  oxalic  acid  from  organic  matter  is  a  con- 
sequence of  the  oxidation  of  the  elements  of  the  latter  by  the  oxy- 

gen  of  the  N ;  hence  those  substances  give  it  in  greatest  quantity 
which  contain  oxygen  and  hydrogen  in  the  same  proportion  as 
water.  In  the  second  process  sulphuret  of  potassium  and  oxalate  of 
barytn,  or  acetate  of  potassa  and  oxalate  of  lead  are  formed.     The 

oxalate  of  baryta  or  lead  is  decomposed  by  S,  giving  rise  to  free 
oxalic  acid  and  sulphates  of  lead  or  baryta.     L. 

1588.  The  crystallized  acid  is,  according  to  Liebig,a  compound  of 
Crystala,     ^^^  hydrate  with  water  of  crystallization.     The  crysUils  are  trans- 
parent oblique  rhombic  prisms,  with  one  or  two  terminal  planes,  one 
pair  of  the  lateral  edges  of  the  latter  is  sometimes  truncated. 

1589.  This  acid  has  no  odour;  tastes  and  reacts  strongly  acid, 
timraished  ^^^  ^^  poisonous,  and  from  the  resemblance  which  the  crystals  bear 
fromEp-  to  those  of  Epsom  salt,  many  fatal  mistakes  have  arisen.  The  acid 
■om  salts,   taste  is  in  itself  a  sufficient  mark  of  distinction  ;  or  without  tasting 

it,  if  a  few  drops  of  water  be  placed  on  a  slip  of  the  dark  blue  pa- 
per which  is  commonly  wrapped  round  sugar  loaves,  and  a  small 
quantity  of  the  suspected  crystals  be  added,  if  it  be  oxalic  acid  it 
will  change  the  colour  of  the  paper  to  a  reddish  brown.  The  so- 
lution also  of  a  small  quantity  of  this  acid  in  a  tea-spoonful  of 
water,  will  effervesce  with  a  little  scraped  chalk  or  whiting.  H. 
When  the  acid  has  been  swallowed,  copious  draughts  of  lime  water, 
or  magnesia  and  water,  should  be  administered,  and  vomiting  exci- 
ted as  speedily  as  possible. 

__  __M_^ _m^-^  I 1^  -  _      ■     1^-    ^        '  ■■ 

*  If  ahavinga  of  wood  be  mixed  with  caustic  potassa,  and  exposed  to  a  heat  coosid- 
erably  higher  than  that  of  boihng  water,  the  wood  suffers  decomposition,  and  is 

Cirtly  oonrerted  into  oxalic  acid,  which  oombineswith  the  potassa;  aproceaafo!- 
wed  by  aome  manii&ctarera  of  this  add.    T. 


Binoxidirie  of  Potasta.  3 '  * 

1590.  The  crystals  when  heated  fall  into  powder,  and  lose  28  per  S"*-  ^^* 
cent.  =  2  eq.   of  water  of   crystallization;  the  hydrate   of  oxalic  Effect  of 
acid  is  left      When  rapidly  heated  to  the  temperature  of  350®,  they  *'**^* 
fuse  and  lose  their  water  of  crystallization,  a  part  of  them  decom- 
posing, while  another  portion  sublimes  as  hydrate  in   dense   white 
fumes  of  a  strong  odour,  which  cover  the  surface  of  the  fused  acid 

in  the  form  of  a  woolly  crystalline  mass.     If  heated  in  a  retort  to 

310°  it  is  decomposed  into  C,  C  and  formic  acid. 

1591.  Heated  in  strong  S,  it  is  decomposed  into  C,  C  and  water.  Decompo* 
The  anhydrous  oxalic  acid  may  be  considered  as  a  compound  of  1  ,edb?S 
eq.  C-|-l  eq.  C,  which  accounts  for  the  production  of  equal  vols,  of 

the  two  gases  whenever  the  pure  acid  or  any  of  its  salts  is  heated  in 

strong  S  (512). 

1592.  The  crystals  dissolve  in  eight  parts  of  water  at  60°,  in  their  Solubility. 

own  weight  of  boiling  water,  and  in  four  parts  of  alcohol  at  60°. 

When  pure  it  should  give  a  "precipitate  with  salts  of  baryta  that  is  Test  of 

...•.  purity. 

perfectly  soluble  in  N,  if  it  contain  lead  it  is  blackened  by  hydrosul- 

phuric  acid  gas :  it  should  sublime  without  leaving  a  residue. 

1593.  This  acid  and  its  soluble  salts  are  important  reagents  for 
detecting  and  separating  lime.* 

1594.  By  distilling  oxalate  of  ammonia,  or  oxalates,  with  am-  Ozamide. 
moniacal  salts,  a  substance  has  been  obtained  by  Dumas  which  he 

has  called  oxamide^i  which  will  be  noticed  hereafter. 

1595.  Chidate  of  Ammonia.     NH^OCjOa+aq.  crystals.     This  is  Oxalate  of 
a  very  useful  salt  for  the  purpose  of  separating  lime  from  magnesia,  *™"'**"**'* 
and  generally  for  precipitating  lime  from  its  solutions. 

It  is  obtained  by  neutralizing  a  solution  of  pure  oxalic  acid  by  Obtained, 
caustic  or  carbonate  of  ammonia,  or  by  decomposing  the  oxalate  of 
lead  by  sulphuret  of  ammonium,  and  evaporating  the  solution  to 
crystallization. 

It  may  also  be  prepared  by  neutralizing  the  bio-  or  qu'adroxalate  of  potagsa  with 
carb.  of  ammonia ;  the  first  crop  of  crystals  consists  of  oxalate  of  ammonia, 
which  may  be  completely  freed  m>ro  potassa  by  repeated  crystallization,  the  mo- 
ther liquor  contains  the  neutral  oxalate  of  potassa. 

1596.  The  crystals  are  long,  colourless,  transparent  prisms,  of  tbeCryatalp. 
right  prismatic  system  ;  with  a  strong  saline  taste,  less  soluble  than 

the  oxalic  acid  and  efflorescent,  losing  12.6  per  cent,  of  water  of 
crysuiliization.     By  heat  it  is  decomposed,  giving  rise  to  oxamide. 

1597.  Binaxalate  of  Potassa.     HO.Ca03,KO.Ca08+2  aq.  eq.  =  Binoxalat* 
155.63.     This  salt  is  used  and  sold  as  the  esse7itial  salt  of  lemons^  of  potassa. 

*  In  the  neutral  salts  of  oxalic  acid,  the  oxy^n  of  the  base  is  to  that  of  the  anhy- 
drous acid  in  the  proportion  of  1  :  3.     If  the  oxy^i^n  of  the  metallic  oxide  be  conftid- 

ered  as  a  part  of  the  acid,  the  compound  contains  C  and  a  metal.    Many  salts  of  oxalic 
acid,  whose  bases  arc  oxides  easily  reduced  to  the  meialiic  state,  are  decomposed  by 

heat  into  C  and  metal  (oxalate  of  silver  with  a  slight  explosion).    The  oxalates  of 
the  alkalies  under  the  same  circumstances  evolve  C,  and  are  converted  into  carbo- 
nates.   Many  metallic  oxides  when  heated  with  an  oxalste  are  reduced  by  the  (3 
evolved.    There  exist  both  neutral  and  acid  salts  or  this  scid,  the  latter  contain  dou^ 
ble,  and  sometimes  (bur  times  as  much  acid  as  the  former.    (Liebi^.) 

t  Abbre^ted  from  oxalic  acid  and  ammonia. 
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for  removing  iron-moalds  and  other  metallic  stains  (ink,  &c).  It 
exists  ready  formed  in  the  juice  of  the  oralis  aeetosdla  or  wood  sor- 
rel,  from  which  it  was  formerly  procured. 

1598.  It  may  be  made  by  neutralizing  one  part  of  crystallized  ox- 
alic acid  by  carbonate  of  potassa,  and  afterwards  adding  to  the  neutral 
salt  another  part  of  oxalic  acid  and  crystallizing.  The  crystals  are 
transparent  oblique  rhombic  prisms,  with  an  acid  taste  and  reaction. 
It  is  poisonous.     Soluble  in  40  parts  of  cold  and  6  of  boiling  water. 

1599.  When  pure  it  should  fuse  and  decompose  without  emitting 
a  burnt  odour,  and  the  residue  should  be  of  a  gray,  not  of  a  black 
colour.* 

1600.  Quadroxalate  ofPotassa  is  sold  in  commerce  as  binoxalate. 
It  is  procured  by  dissolving  the  binoxalate  in  hydrochloric  acid  and 
crystallizing ;  it  is  made  on  the  large  scale  by  neutralizing  one  part 
of  crystallized  oxalic  acid  and  adding  to  the  solution  three  parts  of 
the  pure  acid. 

1601.  Its  crystals  are  transparent  prisms  of  the  doubly  oblique 
prismatic  system  ;  at  262°  it  loses  two  atoms  or  fourteen  per  cent, 
of  water,  at  higher  temperatures  oxalic  acid  passes  off  and  it  is 
decomposed.  If  pure  its  reaction  when  heated  is  similar  to  that  of 
the  binoxalate;  if  three  parts  are  converted  into  carbonate  by  a  red 
heat,  and  added  to  a  solution  of  one  part,  the  neutral  oxalate  should 
be  obtained. 

1602.  Oxalate  of  Lime,  CaO.C80s+2  aq.  =  82.74.  occurs  in  se- 
veral species  of  lichen,  of  which  it  forms  the  firm,  hard  skeleton,  so 
that  many  of  them  may  be  used  for  preparing  oxalic  acid,  but  not 
very  advantageously.! 

1603.  The  insolubility  of  this  salt  in  water,  ammonia,  and  acetic 
acid,  and  its  solubility  in  the  nitric  and  hydrochloric  acids,  distin- 
guishes it  from  most  other  precipitates.  Advantage  is  taken  of  this 
to  detect  lime  in  solutions  from  which  all  other  precipitable  metallic 
oxides  have  been  separated  by  other  means,  the  alkaline  oxalates 
being  the  best  reagents  for  this  purpose ;  thus  these  oxalates  are 
used  to  separate  lime  from  magnesia,  with  the  latter  of  which  they 
form  soluble  double  salts.  On  the  other  handi  lime  may  be  used  to 
detect  oxalic  acid.t 

1604.  Recently  precipitated  oxalate  of  lime  is  a  snow-white  floc- 
culent  powder,  insoluble  in  acetic  acid,  readily  dissolved  by  free 
nitric  or  hydrochloric  acid,  and  by  a  red  heat  is  converted,  without 
being  perceptibly  blackened,  into  carbonate  of  lime  ;  from  the  weight 
of  which,  either  the  oxalic  ficid  or  the  lime  may  be  calculated. 

L.  760. 


lapwitjM  ^-       *  The  presence  of  cream  of  tartar  ii  recogoised  by  the  carbonaoeoai  reaidae,  and  the 
peculiar  odour  which  it  emits  on  buroiog ;  that  of  sulphate  of  potassa  by  the  common 

tests  of  S.  If  of  two  etjual  parts  by  weight,  of  the  salt,  the  one  be  exposed  to  a  red 
hrat,  and  the  other  be  dissolved  in  water,  the  solution  of  the  latter  should  be  deprived 
of  its  acid  reaction  by  the  addilion  of  the  residue  of  the  former;  if  this  does  not  hap- 

8 en,  it  is  not  the  binoxalate  but  the  quadroxalaie,  which  is  met  with  in  commerce  nn- 
er  that  name.     (Liebig.) 

I     t  See  Braconnot's  process  Ann.  de  (Sum,  et  Phys.  zzriiL  318,  and  Quorf .  Jaw.  six. 

^  t  It  should  be  remembered  that  oxalic  acid  ia  imperfectly  precipitated  by  salta  cf 
lime  from  a  solution  which  contains  the  oxides  of  chromium,  iron,  or  manganese. 
(Liebig.) 
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1605.  Ehodizonic  Acid,  CtHjOio.  When  a  dream  of  dry  carbonic    Sectn. 

oxide  gas  is  transmitted  over  a  portion  of  fused  potassium,  the  gas  is  Rhodizonie 
absorbed  in  large  quantity;  the  potassium  coals 'the  surface  of  the^ci^^* 
glass  tube,  becomes  green,  and  at  last  a  black  porous  mass  is  ob- 
tained, which,  if  exposed  to  the  air  when  warm,  inflames,  and  if 
covered  with  water  dissolves  with  the  rapid  evolution  of  a  combusti- 
ble gas  ;  if  moistened  with  water  it  burns,  and  forms  a  red  solution 
which  contains  rhodizonate  of  potassa. 

1606.  This  compound   of   potassium  and    carbonic   oxide   was  Howob- 
obtained  by  Gmelin  in  considerable  quantity  as  a  secondary  product  twaed. 
during  the  preparation  of  potassium  by  Brunner's  process  (839), 
when  it  separates  from  the  gases  evolved  in  the  form  of  a  gray  pow- 
der, which  may  be  readily  collected.     Exposed  to  moist  air  it  ab- 
sorbs waterj  and  is  converted,  without  combustion,  into  rhodizonate 

of  potassa  of  a  scarlet  colour ;  by  being  treated  with  alcohol,  in 
which  it  is  soluble,  the  free  potassa  may  be  separated.  All  its  com- 
pounds are  of  a  red  colour,  or,  in  the  dry  state,  uf  a  brilliant  metallic 
green. 

1607.  The  changes  which  are  produced  on  rhodizonate  of  potassa  Remarka- 
when  its  aqueous  solution  is  heated,  are  very  remarkable ;  without  ble 

the  evolution  of  gases  it  is  decomposed  into  free  potassa,  oxalate  of*^********* 
potassa,  and  into  the  potassa  salt  of  a  new  acid,  which  has  been 
called  by  Gmelin  the  croconic  acid.    l.  752. 

160S..  Croconic  Add.  G5O4  =  62.  The  croconic  acid  is  prepared  Croconic 
by  adding  hydrofluosilicic  acid  to  a  solution  of  its  potassa  salt,  and  eva-  ^^id. 
porating  to  dryness  ;  the  pure  acid  is  removed  from  the  yellow  resi- 
due by  water ;  it  is  yellow,*  readily  crystallized,  tastes  and  reacts 
strongly  acid,  is  soluble  in  water  and  alcohol ;  all  its  salts  are  yellow, 
and,  with  the  exception  of  the  ammoniacal  salts,  are  all  of  them 
insoluble  in  alcohol. 

1609.  CroconcUe  of  Potassa  crystallizes  in  long  six-sided  prisms,  Crocooate 
of  an  orange-yellow  colour,  tastes  sinular  to  nitre,  and  is  neutral  with  of  potassa. 
respect  to  vegetable  colours.     When  heated  it  loses  15  per  cent. 

=  2  eq.  water  and  becomes  of  a  lemon-yellow  colour.     It  burns  like 

tinder  into  a  mixture  of  carbonate  of  potassa  and  carbon,  with  evolu- 

•  «.  .*.*. 

lion  of  C  and  C ;  it  is  decomposed  by  chlorine  and  N  wAh  effer- 
yescence  into  peculiar  salts. 

1610.  Formic  Add.  C2H  0,  =  37.   This  acid  was  first  noticed  by  pormic 
Ray,  in  1671,t  in  an  account  of  the  acid  spontaneously  given  out  by  acid, 
ants,  and  which  they  yielded  when  distilled.  In  1812  Gehlen  examined  History, 
it  and  pointed  out  some  of  its  characters.     It  has  been  since  ana- 
lyzed by  Berzelius,  and  an  artificial  method  of  preparing  it  discover- 
ed by  Dobereiner. 

*      1611.  It  may  be  obtained  from  ants  by  the  following  process  : 

An^  quantity  of  ants  may  be  infused  in  about  thrice  their  weight  of  water,  put  „  - 

the  mixture  into  a  silver,  or  tinned  copper  still,  and  draw  off  the  water  by  distillation  k^"^^*'  ^9^' 
as  long  as  it  continues  to  come  over  without  any  burnt  smell ;  the  distillation  must 
be  stopped  as  soon  as  that  is  perceived  Saturate  the  water  in  the  receiver  with 
carbonate  of  potassa,  and  evaporate  to  dryness.  Mix  the  white  mass  thus  ob- 
tained with  as  much  sulphuric  acid,  previously  diluted  with  its  weight  of  water, 
as  is  sufficient  to  saturate  the  potassa.  Introduce  the  mixture  into  a  retoit,  and 
'" "     I         '  ■     ■  ■    1 1  ■  .  ■■       II       .        .  I  ■■  -  I  ■  ■■     I.I .1 

*  Hence  its  name  from  eroeut,  sqf^wi.  i  Phil.  Traiu. 
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distil  bIowIj  to  dryness.  The  liqtiid  whioli  comes  or^r  into  tbe  receiver  is  to  be 
again  rectined  by  a  very  moderate  beat,  to  get  rid  of  any  portion  of  sulphuric 
acid  that  may  be  present. 

1612.  It  may  be  prepared  from  sugar  and  many  other  vegetable 
substances,  when  treated  with  binoxide  of  manganese  and  sulphuric 
acid.     The  following  process  has  been  pointed  out  by  Dobereiner. 

Dissolve  1  part  of  sugar,  starch,  &c.,  in  2  parts  of  water,  mix  the  solution  (in 
a  large  vessel)  with  24  or  three  parts  of  binoxide  of  manganese  in  fine  powder. 
Heat  the  mixture  to  140^,  add,  by  little  and  little  at  a  time,  3  parts  of  concen- 
trated sulphuric  acid,  previously  diluted  with  its  own  weight  of  water,  carO' 
fully  agitating  the  mixture  after  every  addition,  with  a  wooden  rod.  Afler 
the  addition  of  the  firat  third  of  the  acid  so  violent  an  eifervescence  takes  place, 
that  unless  the  vessel  be  at  least  15  times  the  bulk  of  the  mixture,  a  portion  will 
run  over* 

1613.  A  pound  of  sugar  yields  a  quantity  of  the  acid,  capable  of 
saturating  five  or  six  ounces  of  carbonate  of  lime.  To  obtain  the 
formic  acid  in  a  concentrated  stale,  evaporate  the  formate  of  lime  to 
dryness,  and  mix  seven  parts  of  this  dry  salt,  in  powder,  with  ten 
parts  of  concentrated  sulphuric  acid  and  four  parts  of  water,  and  dis- 
til in  a  retort.  If  we  substitute  six  parts  of  alcohol  for  the  four  parts 
of  water  and  distil,  we  obtain  formic  ether. 

1614.  The  following  pfocess  has  been  given  by  Emmet,t  who  af- 
firms that  the  oxide  of  manganese  is  of  no  use  in  the  process. 

Mix  tocether  in  a  retort  equal  measures  of  water,  oil  of  vitriol,  and  clean,  but 
ungrouna  rye,  or  cracked  maize;  let  them  be  heated  to  the  boiling  point,  and  as 
soon  as  the  mass  has  become  thoroughly  blackened,  add  another  measure  of 
water  and  distil  off  one  measure  of  formic  acid.  The  aiddition  of  more  water,  and 
fresh  distillation  will  afford  an  additional  quantity  of  a  weaker  acid. 

1615.  The  presence  of  formic  acid  may  be  easily  ascertained. 
When  the  acid  or  formate  of  soda  is  put  into  a  solution  of  any  salt  of 

m  m  

gold,  platinum,  or  silver,  an  effervescence  takes  place,  C  is  given  oflf, 
and  the  metal  is  deposited. t  When  formate  of  soda  is  mixed  with  a 
solution  of  corrosive  sublimate,  calomel  is  deposited.  When  the  acid 
is  added  to  a  solution  of  nitrate  of  lead,  crystals  of  formate  of  lead  in 
needles  are  deposited. 

1616.  Liebighas  found  that  formic  acid  maybe  obtained,  contain- 
ing only  one  atom  water,  by  decomposing  dry  formate  of  lead  by  by- 
drosulpburic  acid.     When  of  this  strength  it  is  much  more  corrosive 

than  concentrated  S.  The  smallest  drop  applied  to  the  skin  occa* 
sions  d  sensation  like  that  produced  by  red-hot  iron.  A  sore  is 
produced,  which  is  long  in  healing.  This  hydrate  crystallizes  at 
32°  and  boils  at  212°  like  water.  The  common  acid,  which  is  a  bi- 
hydrate,  crystallizes  at  5°  and  boils  at  226^°.^     Formic  acid  has  a 

*  The  effervescence  is  owing  to  carbonic  acid.  Pungent  vapours  of  fonnic  acid  ase 
exhaled.  To  preserve  these,  the  mixture  should  be  made  in  a  copjper  alerobio  the  top 
of  which  should  be  put  on  and  connected  with  the  worm  in  the  rem^ratory.  When 
the  violence  of  the  efferrescence  is  ower^  the  rest  of  the  salphttric  acid  is  to  be  added, 
the  mixture  is  to  he  a^riiated,  and  the  whole  distilled  over  almost  to  dryness.  A  lim- 
pid acid  liquid  is  obtained,  having  a  strong smeU,  and  consisting  of  water,  foranc  acid, 
and  an  eiherinl  liquor.  Saturate  the  formic  acid  with  carhonate  of  lime,  and  distil  the 
liquor  a  second  time  to  preMrre  the  etberial  liquid  which  comes  over  with  the  water, 
and  from  which  it  may  be  afier?rards  separated  by  distilUog  it  off  fused  chloride  of 
calcium.    T. 

t  See  his  interesting  paper  in  Amer.  Jour,  xxxii.  140. 

}  Ann.  (/i  Chim.  et  de  Phyt,  Ui.  107.  f  Jcfwr,  de  Pkarm,  xxi.  881. 
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considerable  resemblance  to  acetic.     Vefy  dilute  formic  acid  is  said    8»fct.  il 

to  undergo  spontaneous  deconipositipn  like  vinegar.* 

1617.  MeUiticAcid.  CA+H  =  67.48.  (l.)  Combined  with  alu- MtWitifl 

niina  this  acid  constitutes  a  rare  m'merdlt  meUite  or  honey-iUme.     It 

may  be  obtained  by  the  following  process  of  Wohler. 

Reduce  mellite  to  fine  powder,  digest  in  a  foliitioD  of  carbonate  of  ammonia;  Process. 
aAer  the  liquid  has  taken  up  all  the  mellitic  acid,  the  excess  of  ammonia  is  ex- 
pelled by  boiling ;  filter,  evaporate  until  cryfttals  appear.     The  crvBtals  are  then 
aissolved  in  water,  and  acetate  of  lead  added.     Tne  mellitate  of  lead  is  decern- 


radiated  groups  of  acicular  crystals. 


161S.  The  dry  acid  is  not  changed  by  boiling  in  N  or  S.  The  Effect  of 
aqueous  solution  tastes  and  reacts  strongly  acid.  Boiled  in  alcohol,  ****^'  *^* 
it  seems  to  form  an  acid  mellitate  of  ether.  It  forms  salts  by  uniting 
with  the  base  ;  its  alkaline  salts  are  soluble,  and  may  be  obtained  in 
crystals,  but  with  the  other  metallic  oxides  it  forms  either  insoluble 
or  very  sparingly  soluble  compounds.  These  salts  are  decomposed 
by  heat,  but  the  silver  salt  suffers  in  the  first  instance  a  peculiar 
change ;  at  356°  1  eq.  of  water  is  separated.! 

1619.  Succinic  Acid.    C4H208,  =  60.  (T.)  This  acid  is  obtained  Succinic 
from  amber  (succinum)^  and  hence  its  name.  "^^ 

Fill  a  retort  half  way  with  powdered  amber,  and  coTer  the  powder  with  a  Process. 
4)uantity  of  dry  sand ;  inte  on  a  receiver,  and  distil  in  a  sand-bath  without  em- 
ploying too  much  heat.  The  succmic  acid  attaches  itself  to  the  neck  of  the  retort. 
It  is  purified  by  dissolving  in  hot  water  and  putting  in  the  filter  a  little  cotton, 
previously  moistened  with  oil  of  amber,  which  retains  most  of  the  oil,  and  allows 
the  solution  to  pass  clear.  It  is  subsequently  crystallized  by  gentle  evaporation, 
and  this  process  is  to  be  repeated  till  the  acia  is  sufficiently  pure. 

1620.  Succinic  acid  maybe  obtained  in  three  states:  1.  com- M»y  lie  ob- 
bined  with  an  atom  of  water;  2.  with  half  an  atom;  and, 3.  anhy-{JJ^*'' 
drous.  states. 

The  first  is  the  crystallized  acid  of  the  shops,  when  pure.  It  is 
soluble  in  water,  but  less  so  in  alcohol,  and  scarcely  at  nil  in  ether. 
It  melts  at  356°  and  boils  at  455°.  When  the  crystallized  acid  is 
kept  for  a  long  time  in  a  retort  at  a  temperature  between  266°  and 
284°,  it  undergoes  a  remarkable  change.  A  great  number  of  white 
needles  are  deposited  and  a  little  water  is  disengaged.  These  nee- 
dies  consist  of  succinic  acid  deprived  of  half  its  water,  while  the  por- 
tion in  the  retort  remains  unaltered. 

1621.  The  anhydrous  acid  maybe  obtained  by  distilling  a  mix*  Aohydrons 
ture  of  dry  phosphoric  acid  with  crystallized  succinic  acid.     The*"**' 
best  method  is  to  fuse  the  succinic  acid  in  a  retort,  and  then  add  the 
phosphoric  acid,  and  distil  slowly. 

Succinic  acid  dissolves  in  96  parts  of  water  at  50°,  in  24  parts  at  Solability. 

*  Thomson  states  that  he  has  preserved  for  several  years,  formic  acid  prepared  by 
DttbereineHs  process,  dilute,  but  stronger  than  rinegar. 

t  Since  the  silTer  salt,  dried  at  212®.  can  retain  no  water,  it  is  probable  that  the 
water  is  first  formed  at  the  above  heat  by  the  hydrogen  of  the  scid,  and  the  oxysren  of 
the  oxide  of  silver,  when  the  salt  passes  into  a  combination  of  silver  and  carbonic  ox- 
ide OiOtj  the  latter  acting  the  part  of  cUorins  or  any  other  haloid  substaace. 
(Liebig.) 
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Chap,  vr.  S2^,  and  in  2  parts  at  212°.     The  anhydrous  acid  is  less  soluble  in 
water  than  the  hydrous,  but  more  soluble  in  alcohol  and  ether. 

Suocinates.  1622.  The  compounds  which  this  acid  forms  with  bases  are 
termed  succinates.  The  alkaline  succinates  are  soluble  in  water. 
This  is  not  the  case  with  succinate  of  baryta,  hence  baryta  is  preci- 
pitated from  a  neutral  solution  by  succinate  of  ammonia.  This  salt 
likewise  precipitates  mercury  and  lead.  It  throws  down  iron  from 
all  solutions  provided  the  iron  be  in  the  state  of  peroxide  and  there 
be  no  excess  of  acid  present. 

Aoeticacii).  1623.  Acetic  Acid.  G^HsOs  =  51.  (T.)  This  acid  is  employed  in 
three  diflerent  states.  When  first  prepared  it  is  called  tdnegar;  when 
purified  by  distillation  it  assumes  the  name  o( distilled  viTUgar,  usually 
called  acetous  acid  by  chemists ;  when  concentrated  as  much  as  pos- 
sible it  is  called  radical  vinegar  and  acetic  acid. 

Vinegar.  1624.  Vinegar  is  usually  prepared  by  subjecting  liquids  that  have 
undergone  the  vinous  fermentation,  to  the  action  of  air ;  much  oxygen 
is  then  absorbed.  Many  solutions  of  vegetable  matter  produce 
vinegar.* 

When  distilled  at  a  temperature  not  exceeding  that  of  boiling  wa- 
ter, till  about  two  thirds  or  five  sixths  of  it  have  passed  over,  most  of 
the  impurities  are  left  behind  and  the  product  is  pure  acid,  diluted 

Distilled  or  with  water.     Distilled  tfinegar  or  acetous  acid  is  transparent  and 

acid?"'       colourless,  of  a  strong  acid  taste  and  an  agreeable  odour. 

Acetic  acid.  1625.  To  obtain  acetic  acid,  or,  as  it  has  been  sometimes  called, 
radical  vinegar,  distilled  vinegar  may  be  saturated  with  some  me- 
tallic oxide,  and  the  acetate  thus  obtained,  subsequently  decomposed. 

Obtaioed.  Jt  is  thus  procured  by  distilling  acetate  ofcoppeTf  or  crysiaUized  ter^ 
digriSf  in  a  glass  retort  heated  gradually  to  redness :  it  requires 
reniistillation  to  free  it  from  a  little  oxide  of  copper  which  passes 
over  in  the  first  instance.  Acetic  acid  may  also  be  obtained  by 
distilling  acetate  of  soda  or  acetate  of  lead  with  half  its  weight  of 
sulphuric  acid :  or  from  a  mixture  of  equal  parts  of  sulphate  of  cop- 
per and  acetate  of  lead ;  in  these  cases,  the  acid  passes  over  at  a 
moderate  temperature. 

Pyroli^e-       1626.  A  considerable  quantity  of  acetic  acid  is  also  now  procured 

out  acid,  ^ry  the  distillation  of  wood  in  the  process  of  preparing  charcoal  for 
the  manufacture  of  gunpowder.  The  liquor  at  first  procured  is  usu- 
ally termed  pyroligneous  add;  it  is  empyreumatic  and  impure,  and 
several  processes  have  been  contrived  to  free  it  from  tar  and  other 
matters  which  it  contains-  It  may  be  saturated  with  chalk  and 
evaporated,  by  which  an  impure  acetate  of  lime  will  be  obtained, 
and  which,  mixed  with  sulphate  of  soda,  furnishes,  by  double  decom.- 
position,  sulphate  of  lime  and  acetate  of  soda ;  the  latter  distilled 
with  sulphuric  acid  affords  a  sufficiently  pure  acetic  acidi  which  by 
dilution  with  water  may  be  reduced  to  any  required  strength.  The 
purification  of  this  acid  has  been  brought  to  great  perfection.! 

1627.  Acetic  acid  obtained  by  the  processes  described  is  transpa* 

olhioeac^   rent  and  colourless,  its  oduur  highly  pungent  and  it  blisters  and 

acid.  excoriates  when  applied  to  the  skin.     Its  specific  gravity  is  1.060. 

*  FV>r  other  detaili  see  F^trmentation. 

t  For  a  full  acooimt  of  the  procesies  see  Un'i  Diet,  ArU  and  Mm.  8. 
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It  is  extremely  volatile,  and  its  vapour  readily  burns.    It  combines    Sacun. 
in  all  proportions  with  water,  and  when  considerably  diluted  resem- 
bles distilled  vinegar.     When  highly  concentrated,  it  crystallizes  at 
the  temperature  of  40^  F.,  but  liquefies  when  its  heat  is  a  little  above 
that  point.    In  this  state  it  is  called  glacial  acetic  acid. 

1628.  Liquid  acetic  acid,  consisting  of  one  atom   acetic  acid, 

and  one  of  water,  which  has  a  specific  gravity  of  1.06296,  does  not  PtafMEiicik 
redden  litmus  paper.     It  may  be  kept  in  contact  with  dry  carbonate 
of  lime,  or  even  boiled  over  it  without  disengaging  a  single  bubble 

of  G  gas,  or  combining  with  the  lime,  yet  it  dissolves  quicklime  in- 
stantly. It  decomposes  carbonate  of  potassa,  soda,  lead,  zinc,  strontia, 

baryta  and  magnesia,  disengaging  C.     When  mixed  with  several 
times  its  volume  of  alcohol,  it  loses  its  action  upon  these  carbonates,* 

1629.  Acetic  acid  possesses  but  little  energy  in  combining  with  Combintng 
bases,  being  displaced  by  most  of  the  other  acids.     It  forms  with  power, 
bases  a  class  of  salts  called  acetates,  several  of  which  are  important. 

They  are  all  soluble  in  water.t 

1630.  When  the  vapour  of  alcohol  is  brought  into  contact  in  the 
atmosphere  with  the  black  powder  obtained  by  mixing  hydrochlorate 
of  platinum,  potassa  and  alcohol,  vinegar  is  rapidly  formed.  It  is  thus 
prepared  in  Germany.} 

*Peloaze,  Ann,  de  Cfum.  et  de  Phya.  i.  314.  t  Thomson's  Org.  Chem. 

t  The  powder  isadled  Platina  Mohr  and  in  thns  made :  melt  platinum  ore  with  dou-  i,rtni  itrohr 
ble  its  weight  of  zinc,  reduce  the  alloy  to  powder,  and  treat  it  at  first  with  dilute  ProflMbr. 


•••  •  •  • 

S,  and  next  with  dilute  N,  to  oxidize  and  dissolve  out  all  the  zinc,  which  is  somewhst 
difficult,  eTen  at  a  boilinff  heat.  The  insoluble  black-my  powder  contains  some  os- 
miuret  of  iridium  united  with  the  crude  platinum.  Tnis  compound  acts  like  simple 
platina-black  after  it  has  been  purified  by  digestion  in  potash  ley,  and  washing  with 
water.  Its  oxidizine  power  is  so  great  as  to  transform  not  only  formic  acid  into  the 
carbonic,  and  alcohol  into  vinegar,  i)Ut  ev»n  some  osmic  acid,  fit>m  the  metallic  osmi- 
am*    This  powder  explodes  by  heat. 

When  the  platina-moAr,  prepared  by  means  of  zinc,  is  moistened  with  alcohol,  it  A«daaapMiai 
becomes  incandescent,  snd  emits  osmic  acid ;  but  if  it  be  raized  with  alcohol  into  a  eoimi  pnii 
paste,  and  spread  upon  a  watch-glass,  nothing  but  acetic  will  be  disengaged ;  lUSbrd-  ***^ 
inff  an  elegsnt  means  of  diffusing  the  odour  of  vin^r  in  an  apartment. 

with  this  powder  vinegar  may  be  made  in  the  following  manner :  Under  a  large 
case,  which,  for  experimental  purposes  may  be  made  of  glass,  several  saucer* shaped 
dishes  of  pottery  or  wood  are  to  be  placed  in  rows,  upon  shelves  over  each  other,  a  few 
inches  apart.  A  portion  of  the  black  platina  powder  moistened  being  suepended  over 
each  disn,  let  as  much  vinous  spirits  be  put  into  them  as  the  oxygen  of  the  included 
air  shell  be  adequate  to  acidify.  This  quantity  mav  be  infenred  from  the  fact,  xbmt 
1000  cubic  inches  of  air  can  oxyg[enate  1 10  grs.  of  absolute  alcohol,  converting  them 
into  122  grs.  of  absolute  acetic  acid  and  64A  grs.  of  water. 

The  above  apparatus  is  to  be  set  in  a  light  place  (in  sunshine,  if  convenient),  at  a 
temperature  of  from  68°  to  86®  F.,  and  the  evaporation  of  the  alcohol  is  to  be  promoted 
by  hanging  several  leaves  of  porous  paper  in  the  case,  with  iheir  bottom  edges  dipped 
in  the  spirit.  In  the  course  of  a  few  minutes  the  mutual  action  of  the  platina  ana  the 
alcohol  will  be  displayed  by  an  increase  of  temperature,  and  a  generation  of  acid  va- 
poura,  which,  condensing  on  the  sides  of  the  glass  case,  trickle  in  streams  to  the  bot- 
tom. This  continues  till  all  the  oxygen  of  the  air  is  consumed.  If  we  wish  to  renew 
the  process,  the  case  must  be  opened,  and  replenished  with  air.  With  a  box  of  18 
cubic  feet  in  capacity,  and  with  7  or  8  ounces  of  the  platina  powder  we  can  in  the 
course  of  a  day,  convert  one  pound  of  alcohol  into  pure  acetic  acid,  fit  for  every  pur- 
pose, culinary  or  chemical,  with  from  20  to  30  lbs.  of  the  powder  (which  does  not 
waste),  we  may  transform,  daily,  nearly  806  lbs.  of  bad  spirits  into  the  finest  vinegar. 

689.64  parU  br  weight  of  alcohol  =  His  C4  Os 

consist  01 74.88      of  byarogen  =  His 

306.76      of  carbon  =C4 

200.00      of  oxygen  =:0s 
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Chap.  VL       The  following  are  among  the  most  importaDt  of  the  acetates : 

Aceute  of       1631.  Acetate  af  Ammonia  is  a  very  deliquescent,  soluble  salt,  and 

tmmooia.    extremely  difficultly  cryslallizable.     In  solutiori,  obtained  by  satu- 

.    rating  distilled  vinegar  with  carbonate  of  annmonia,  it  constitutes  the 

cmivwma  acetas  liquidus  of  the  U.  S.  P.  which  has  long  been  used 

in  medicine  as  a  diaphoretic,  under  the  name  of  spirit  of  Mindererus^ 

Of  poiHM,  1632.  Acetate  of  Potassa  is  usually  formed  by  saturating  distilled 
vinegar  with  carbonate  of  potassa,  and  evaporating  to  dryness.  If 
this  salt  be  carefully  fused,  it  concretes  into  a  lamellar  deliquescent 
mass  on  cooling.  It  is  the  terra  foliata  tartaric  and  febrifuge  salt 
of  Sylvius  of  old  pharmacy.  It  dissolves  in  its  own  weight  of  water 
at  60^,  and  the  solution  has  an  acrid  saline  taste. 

Of  lime,  1633.  Acetate  of  Lime,  is  a  difficultly  crystallizable  salt,  readily 

soluble  in  water,  and  of  a  bitter  saline  taste  consisting  of  1  at.  lime, 
i  at.  acid,  and  6  at.  water.*  It  is  sometimes  obtained  by  saturating 
the  vinegar  formed  during  the  distillation  of  wood,  and  employed  in 
the  preparation  of  acetate  of  alumina^  which  is  used  by  the  calico- 
printers  as  a  mordant. 

Of  iron,  1634.  Acetate  of  Iron,     The  protacetate  is  formed  by  digesting 

sulphuret  of  iron  in  acetic  acid  ;t  it  yields  green  prismatic  crystals, 
of  a  styptic  taste,  and  readily  soluble  jn  water  ;  the  solution  becomes 
brown  by  exposure  to  air,  and  passes  into  peracetate^  which  is  un* 
crystallizable,  and  obtained  by  digesting  iron  in  acetic  acid.  This 
compound  is  used  by  calico-printers,  who  prepare  it  either  by  digest- 
ing iron  in  pyroligneous  acid,  or  by  mixing  solution  of  acetate  of 
lead  with  sulphate  of  iron,  and  exposing  the  filtered  solution  to  air. 

Of  zinc,  1635.  Acetate  ofZinc^  1  at.  acid,  5  ox.  zinc,  7  water,  (T.)  is  form- 

ed either  by  dissolving  oxide  of  zinc  in  acetic  acid,  or  by  mixing  a 
solution  of  sulphate  of  zinc  with  one  of  acetate  of  lead.  It  crystal- 
lizes in  thin  shining  plates  of  a  bitter  and  metallic  taste,  very  soluble, 
but  not  deliquescent.  This  salt  is  sometimes  used  in  pparmacy, 
chiefly  as  an  external  application. t 

Of  till,  1636.  Acetate  qf  Tin,  This  mineral  is  slowly  acted  on  by  acetic 

acid,  but  a  protacetate  and  peracetate  of  tin  may  be  made  by  mixing 
acetate  of  lead  with  saturated  solutions  of  the  protochloride  and  per- 
chloride  of  tin.  These  solutions  have  been  recommended  as  mor- 
dants for  the  use  of  dyers.  The  protacetate  is  crystallizable.  Vine- 
gar kept  in  tin  vessels  dissolves  a  very  minute  portion  of  the  metal ; 
and  in  pewter  vessels  it  likewise  dissolves  a  small  portion  of  the 
lead,  where  in  contact  both  with  the  vinegar  and  air ;  hence  distilled 

If  we  oombine  with  this  mixture  400  parts  of  oxygen         =  O4 

we  have  of  water  337.44  =  H<  Os 

acetic  acid  643.20  .        =  He  C4  Ot 

Hence  100  parts  by  weight  of  alcohol  take  68.89  parts  of  oxrgen,  and  there  are  pro* 
dnced  66.11  parts  of  water,  and  110.76  of  acetic  acid.  Ure*8  Did.  q/ArU  and  Mannf. 
Sand  1001. 

*  Thomson. 

t  According  to  Thomson  it  consists  of  1  atom  acetic  acid,  1  protoxide  of  iron,.S 
atoms  water. 

t  According  to  Messrs  Aikin,  the  specific  grarity  of  a  saturated  solution  of  acetate 
of  zinc,  made  by  digesting  the  salt  in  distillM  vinegar,  is  1065.  Of  this  solution  900 
grains  contain  53  ofdry,  or  82.6  of  cryataliized  acetate.  One  ounce  by  measure  of  the 
tolatien  weighs  606  grains,  and  oontam  29.8  grains  of  dry,  or  46.6  grains  of  crystal]  ixnd 
salt. 
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▼inegar,  which  has  been  condensed  in  a  pewter  worm,  afibrds  gene-    ^Kt'll^ 
rally  traces  of  both  metals."^ 

1637.  Acetate  of  Copper,     By  exposing  copper  to  the  fumes  of  Acetate  of 
vinegar,  it  becomes  gradually  incrusted  with  a  green  powder  called  copp^'i 
verdigrisy^  which  is  separable  by  the  action  of  water  into  an  insolu- 
ble subacetate  of  copper t  and  a  soluble  acetate. 

Acetate  of  copper  may  be  obtained  by  digesting  verdigris,  or  oxide 
of  copper^  in  acetic  acid ;  by  evaporating  this  solution,  it  is  obtained 
in  prismatic  crystals  of  a  fine  green  tint.  It  dissolves  sparingly  in 
water  and  alcohol,  and  communicates  a  beautiful  blue-green  colour 
to  the  flame  of  the  latter ;  by  distillation  it  affords  a  very  pure  acetic 
acid. 

1638'  Acetate  of  Lead-  X  blU  acid„  1  protox.  lead,  3  water  (T).  oflead, 
This  is  the  Sugar  of  Lead^  and  Salt  of  Saturn  of  the  old  chemists : 
it  may  be  regarded  as  the  most  important  of  the  acetates  ;  it  is  used 
in,  pharmacv»  and  by  dyers  and  calico-printers  for  the  preparation  of 
acetate  of  alumina  and  of  iron,  which  are  formed  by  mixing  its  solu* 
tion  with  that  of  the  sulphates  of  those  metals,  an  insoluble  sulphate 
of  lead  being  at  the  same  time  produced.  Acetate  of  lead  is  formed 
by  digesting  the  carbonate  in  distilled  vinegar,,  or  in  the  acetic  acid 
obtained  by  the  destructive  distillatioja  of  wood  ;  it  usually  occurs  in 
masses  composed  of  acicular  crystals;  the  crystalline  form  is  an 
oblique  angled  prism.t  Its  taste  is  sweet  and  astringent)  and  it  is 
soluble  in  about  four  parts  of  water  at  6Q^. 

When  exposed  to  the  air  it  undergoes  no  change.  When  dissolved 
in  water,  a  small  quantity  of  white  powder  falls^  which  is  a  carbo- 
nate of  lead,  formed  by  the  carbonic  acid  which  usually  exists  in 
water,  or  a  sulphate  when  sulphuric  acid  is  present.  If  carbonate  of 
lead  is  formed  a  slight  addition  of  acetic  acid  renders  the  solution 
clear. 

1639.  The  sub'iKetate  of  lead,^  commonly  called  eztractum  satumit  Sab-uetate 
is  prepared  by  boiling  acetate  of  lead  with  litharge.     This  salt  is  less  ^  ^^*^* 
sweet  and  less  soluble  in  water  than  the  acetate,  has  an  alkaline  re- 
action and  crystallizes  in  white  plates  by  evaporation.     It  is  decom- 
posed by  a  current  of  carbonic  acid,  with  production  of  pure  carbonate 

of  lead ;  and  forms  a  turbid  solution.  It  appears  from  the  analysis 
of  Berzelius  to  consist  of  i  atom  of  acid  and  3  atoms  of  the  oxide  of 
lead. 

1640.  Protacetate  of  Mercury  is  formed  by  mixing  a  solution  of  ni-  m^J^^/ 
trate  of  mercury  with  acetate  of  potassa. 

*  Vauquelin,  Arm,  de  Ckim.  zzzii. 

t  Diaeetate  of  Thomson,  1  atom  acid,  2  oxide  of  copper,  6  water.  According  to  Ure, 
veidigris  is  a  mixture  of  crystallized  acetate  and  sabaoetate  in  varying  proportions. 
See  description  of  themannfactore  in  Ure's  Diet.  1273. 

The  composition  of  the  acetate,  as  stated  by  Thomson,  is  1  at.  acid,  1  oxide  copper, 
I  water.  Phillips  has  ffiven  the  following  ooroparatiTe  statement  of  the  composition 
of  the  different  kinds  uf  verdigris : 

BIm  CryvUls. 

Acetic  add  .  88.30 

Peroxide  copper  .  43.26 

Water  .  28.46 

Imparity     ...  0 

100  100  100 

t  Brooke,  in  Ann-  PhUoi,  (2d  series)  li.  874. 

1 7Visae0(ats  of  Thomson  who  has  described  seTeral  acetates  of  lead,  for  aa  aeoont 
of  which  see  /norg.  Oum,  ii.  642. 


enoh  VerdtfTii. 

Englldi. 

29.3 

29.62 

43.6 

42.26 

26.2 

27.61 

2.0 

0.62 
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ciMp.  yi.       For  thiipurpofle  di«olve  three  oimcee  of  mereurr  in  abont  (bur  oaaoes  and  a 

half  of  cold  nitric  acid,  aiid  mix  this  solution  with  three  ounces  of  acetate  qf  po- 

tassa  previously  dissolved  in  eight  pints  of  boiling  water,  and  set  the  whole  aside 
to  crystallize,  which  takes  place  as  the  liquor  cools,  and  the  acetate  of  mercury 
then  separates  in  the  form  of  micaceous  crystalline  plates,  which  are  to  be  washed 
in  cold  water,  and  dried  on  blotting-paper.* 

This  salt  has  an  acrid  taste,  and  is  very  difficaltly  solable  in  water, 
requiring,  according  to  Braconnot.t  600  parts  of  water.  It  is  inso- 
luble in  alcohol.  It  was  once  used  in  medicine.^  The  peracetate 
is  formed  by  dissolving  red  oxide  of  mercury  in  acetic  acid,  and 
boiling  the  solution  on  fresh  oxide  tiU  the  acid  is  saturaied. 
Acetate  of  1641.  Acetate  of  Ahtmina,  This  salt  is  extensively  employed 
aiuinioa.  by  calico-pr inters  as  a  mordant  or  basis  for  fixing  colours ;  they  pro- 
duce it  ^y  mixing  solutions  of  alum  and  acetate  of  lead  :  abont  three 
pounds  of  alum  are  dissolved  in  eight  gallons  of  water,  and  a  pound 
and  a  half  of  sugar  of  lead  stirred  into  it ;  a  copious  formation  of  sul- 
phate of  lead  ensues  which  is  allowed  to  subside,  and  the  clear  liquor 
holding  acetate  of  alumida  and  a  portion  of  undecomposed  alum  in 
solution,  is  then  drawn  off,  a  portion  of  pearlash  and  chalk  being 
added  to  it  previous  to  use,  in  order  to  saturate  any  excess  of  acid. 

1642.  Acetate  of  alumina,  formed  by  digesting  recently  precipitated 
alumina  in  acetic  acid,  may  be  procured  in  deliquescent  acicular  crys* 
tals  of  an  astringent  taste,  and  containing,  according  to  Richtert 
73.81  acid  ••{-  26.19  alumina :  hence  it  is  probably  a  binacetate. 

This  salt  is  also  produced  by  the  mutual  decomposition  of  acetate 
of  lime  and  aluTn.  A  gallon  of  a  solution  of  the  acetate,  of  a  sp.  gr. 
of  about  1.050,  equivalent  to  nearly  half  a  pound  avoirdupois  of  dry 
acetic  acid,  is  employed  for  every  2}  lbs  of  alum.^ 

1643.  Lactic  Acid.  CJifii  »  72-  When  milk  is  kept  for  some 
time  it  turns  sour,  and  to  the  acid  evolved  Scheele  gave  the  name 
lactic  ;  it  has  since  been  obtained  from  several  vegetable  bodies  left  to 
spontaneous  fermentation.  6ay-Lussac  and  Pelouze  have  obtained  it 
from  the  beet  root  juice. II  It  is  colourless,  of  a  syrupy  consistence, 
and  at  69**  h^  a  sp.  gr.  of  1.215.     It  has  no  smell,  but  is  extremely 

sour.     Water  and  alcohol  dissolve  it.     Boiled  with  concentrated  N 
it  is  converted  into  oxalic  acid.    It  dissoh'es  the  phosphate  of  lime 
of  bones  rapidly ;  boiled  with  acetate  of  potassa,  it  disengages  the 
acetic  acid, 
j^^  1644.  The  concentrated  acid,  heated  gradvaily,  becomes  more 

])0^^  °  fluid,  darker,  and  gives  a  white  solid,  which  when  pure  dissolves  in 
boiling  alcohol,  from  which  crystals  are  deposited  on  cooling.  The 
crystals  fuse  at  125^,  and  boil  at  482° :  they  give  out  white  irritating 
vapours,  which  condense  upon  cold  surfaces  and  recrystallize ;  they 
are  inflammable.  The  sdlts  formed  with  this  acid  are  termed  fac- 
taies,^ 


Lactic  acid. 


*£Utn.  PhAxrmaam,  In  preparing  this  salt,  the  qoantity  of  water  for  dissolving 
the  acetate  need  not  be  so  luge  as  above  directed,  one  pint  being  sufficient,  bat  it  is 
necessary  to  poar  the  mercaruU  solution  into  the  acetate. 

t  Ann,  de  Ckim.  Izzxvi.  92.  t  Proost,  Jow.  de  Pkyt.  Iti. 

I  Ure's  Diet.-'^Tt.  Alumina, 

il  For  details  of  the  prooess  see  Thoiaaon's  Chetn.  ^f  Org.  SbditB,  I  .tB. 

^Liefadg  has  shown  that  the  aeid  in  smier  ibvtrf  is  the  lactic.  A!m.  de  I^iami., 
xxJii.  ua. 
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1645.  ^Bmzoie  Add,    This  acid  exists  in  gum  benxoin,  in  dragon    s^ct^n. 
bipod,  &c. ;  it  is  formed  according  to  Liebig  by  the  oxidation  of  the  Benzoic 
hydaret  of  benzule^  in  the  air*  and  by  the  decomposition  of  many  >cid. 
compounds  of  benzule  and  of  hipporic  acid  and  amygdaline  by  oxidi- 
zing agents ;  by  the  action  of  potassa  on  the  essential  oils,  cinnamon     > 

oil,  &c. 

Gam  benzoin,  in  coane  powder,  alone  or  mixed  with  an  eqaal  weisht  of  land,  Prooera. 
is  spread  upon  the  bottoi^  of  a  round  Teasel  of  iron,  the  sides  of  wnich  should 
not  be  more  than  three  inches  high.  A  sheet  of  dry  bibulous  paper  is  stretched' 
tightly  over  the  opening,  and  fastened  to  the  sides  of  the  vessel  by  a  little  paste. 
A  hat  made  of  thick  paper,  and  of  the  common  form  of  a  man's  hat,  is  made  to  co- 
ver the  whole,  and  tightly  tied  to  the  sides  of  the  vessel  by  a  strong  string.  The 
vessel  is  now  placed  upon  sand  spread  upon  an  iron  plate,  below  which  a  fire  is 
kept  ibr  3—4  hours.  The  vapours  of  the  sublimea  benzoic  acid  pass  readily 
through  the  pores  of  the  bibulous  paper,  and  are  deposited  in  crystals  upon  the 
hat ;  the  crystals  are  prevented  from  falling  back  into  the  iron  vessel  by  the  pa* 
per  which  closes  its  opening.t  This  is  continued  as  long  as  a  deposite  of  crys- 
tals b  observed. 

Or  in  the  moist  way  ;.  equal  parts  of  finely  powdered  benzoin  and  Tbemeist 
hydrate  of  lime  are  most  intimately  mixed,  and  then  boiled  for  se-  ^'^^ 
veral  hours  in  40  parts  of  water ;  the  filtered  liquid  must  then  be 
evaporated  to  one  fifth  its  vol.  and  treated  with  hydrochloric  acid, 
when  the  benzoic  acid  will  crystallize  as  the  solution  cools.t 

Or  hippuric  acid^  is  boile4  for  one  quarter  of  an  hour  in  nitric  acid  Another, 
of  sp.  gr.  1.42,  after  which  water  is  added  and  the  solution  allowed 
to  crystallize.     The  acid  obtained  from  gum  benzoin   is  purified 
either  by  a  second  sublimation,  or  being  boiled  in  nitric  acid,  or  by 
passing  chlorine  gas  through  its  boiling  aqueous  solution. 

1646.  The  benzoic  acid  exists  ready  formed,  and  principally  in  a  Ready 
free  state,  in  the  gum  benzoin,  from  which  it  is  separated  by  subli-  formed  io 
roation.     On  boiling  hydrate  of  lime  with  gum  benzoin,  the  benzoic    ^^^^' 
acid  is  dissolved,  and  the  resinous  parts  left ;  by  a  strong  acid  the 
benzoate  of  lime  is  decomposed,  and  the  benzoic  acid  separated.]! 

'     1647.  This  acid  crystallizes  in  soft  white  scales,  which  are  flexi-  Properties, 
fale,  transparent,  and  of  a  pearly  lustre ;  or  in  hexagonal  needles. 
When  pure  it  is  inodorous,  but  if  gently  warmed  it  smells  like  gum 
benzoin;  it  has  a  slightly  biting  but  sweetish  taste,  produces  a  burn- 
ing sensation  in  the  throat,  reddens  litmus  feebly,  fuses  at  250*^,  sul>> 

Suberic  Acid,  CsHsOs,  is  obtained  by  digesting  cork  in  nitric  acid. 
NapfUhaUc  Addy  see  NaphibaiiM. 

*  Benzute  denotes,  the  hraotbetieal  radical  of  a  scries  of  compounds  which  ars 
produced  from  the  volatile  oil  of  the  bitter  almond,  or  are  connected  with  i(  by  certain 
relations.  The  oil  of  bitter  almonds  itself  is  always  a  product  of  the  decomposition  of 
amygdalin,  which  exists  in  the  kernels  of  most  stone  fruits,  and  in  the  leaf  of  the  lauro- 
oerassus.  ftmn  which  it  may  be  obtsinad  in  a' variety  of  ways.  Its  foimuia  is 
Ci4  Hs  Oi ;  symb.  s  Bz ;  e((.  «  106.19.    Liebig  and  Tomer's  Eum,  823. 

Beosule  has  not  been  obtamed  in  a  free  state,  oat  may  be  separated  from  one  sab- 
stance  and  tiaasferred  to  another  in  numerous  oombinauons.  • 

^Hofar. 

t  If  less  lime  be  taken,  or  if  a  perfect  admixture  be  neglected,  the  whole  will  bake 
into  a  solid  mass  in  the  boilmg  water  3  in  this  case  the  hand  fragments,  after  the  whole 
has  oooled,  most  be  again  nixed  with  hydrate  of  lime. 

f  An  add  obtained  from  the  urine  of  the  horse,  convertible  into  benzoic  acid,  sea 
proceA  in  Thomson's  Org,  Chem,  47. 

%  II  For  an  economical  method  of  purifying  the  acid  see  Ann.  de  Chim,  et  Phy9,^  hi. 
443,  and  Thomson's  Org,  Chent'  42. 
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of  amino* 
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Soluble  and 

insoluble 

beozoate. 


Chap.  VI.  limes  at  900°,  (an  appeamnce  of  light  is  frequently  obaerved  Id  the 

dark,)  boils  at  462^,  yielding  a  vapour  of  sp.  gr.  4.27. 

The  sublimation  may  be  beautifully  seen  by  suapeiKiing  a  small       Fif.  188. 
branch  of  a  shrub  within  a  tall  glass  without  a  bottom,  placing  a 
small  quantity  of  the  acid  upon  a  plate  of  metal  on  a  standi  cover- 
»      in^  it  with  the  jar  and  applying  tne  heat  of  a  lamp  to  vaporize  the 
acid ;  the  branch  will  be  covered  with  delicate  white  crystals  of 
the  acid. 

Action  of        1648.  It  is  not  changed  by  chlorine,  or  by  being  boiled 
cnlorine,  . ,  o         ^ 

^^'  with  dilute  N,  but  by  the  fuming  acid  it  is  converted  into 

a  yellow  resinous  substance  of  a  strongly  bitter  taste.    It 

is  dissolved  by  concentrated  S,  but  falls  upon  the  addition  of  water. 
It  is  soluble  in  200  parts  of  cold  and  25  parts  of  boiUng  water.  Its 
formula  is  CMHgOs-f-aq.,  or  BzO+aq. ;  eq.  =128.68. 

1649.  Benzoate  of  Ammonia^  NH4O,  BzO,  is  prepared  by  dis- 
solving benzoic  acid  in  pure  concentrated  ammonia,  by  the  aid  of 
heat,  till  the  latter  is  saturated,  when  it  is  allowed  to  cool.  It  forms 
feathery  acicular  crystals,  whidi  deliquesce  in  a  moist  air,  and  are 
soluble  in  absolute  alcohol.  The  acid  salt  is  formed  by  boiling  and 
exposing  to  spontaneous  evaporation  the  neutral  salt,  with  the  loss  of 
ammonia,  it  is  deposited  in  large  regular  crystals. 

1650.  The  soluble  benzoates  of  metallic  oxides  have  a  strong  biting 
saline  taste,  and  are  decomposed  by  most  other  acids  with  the  sepa- 
ration of  benzoic  acid  ;  the  same  change  occurs  with  the  insoluble 
salts,  when  the  acid  which  is  added  forms  a  soluble  salt  with  the 
metallic  oxide.  The  benzoates  of  the  alkalies  are  decomposed  by 
destructive  distillation  into  carbonates,  and  a  variety  of  new  products. 
Exposed  to  a  red  heat  with  an  excess  of  hydrate  of  lime,  the  acid  is 
decomposed  into  benzole,*  and  carbonic  acid  which  unites  with 
the  lime.t    l. 

Fixed  Acids. 

« 

1651.  Malic  Acid.  C4H3O4.  eq.  60.0.  The  existence  of  a  peculiar 
acid  in  the  juice  of  apples,  was  shown  by  Scheele,  in  1785.  He  ob- 
tained it  by  adding  solution  of  acetate  of  lead  to  the  expressed  juice 
of  unripe  apples,  by  which  a  makUe  of  lead  was  formed,-  and  after- 
wards decomposed  by  sulphuric  acid.  Vauquelin  obtained  it  by  a 
similar  process  from  the  juice  of  the  Aotue-feeA:.  The  same  acid  ex- 
ists in  the  berries  of  the  mountain'OsA,  from  which  it  was  first 
obtained  by  Donovan  in  1815,  and  called  by  him  torhic-acid  ;  he  has 
given  the  following  process  for  its  preparation.} 

Express  the  jaice  of  the  ripe  berries,  and  add  solution  of  acetate  of  lead»  filter, 
and  wash  the  precipitate  with  cold  water,  then  pour  boiling  water  upon  the  filter, 
and  allow  it  to  pass  thruugh  the  precipitate  into  class  jars ;  after  some  hours  crys- 
tals are  deposited,  which  are  to  be  boiled  with  2.3  times  their  weight  of  sulphuric 
acid,  specmc  gravity  1.090.    The  clear  liquor  is  to  be  poured  ofi',  and,  while  still 

♦  73.44  carb.+6  hyd.  ==  79.44  i  CuHj.   (Liebig.) 

t  For  description  ofbenzoateM  see  Turner  and  Liebif's  EUem.  827. 

Cinnamomie  Add  was  obtained  by  Damas  and  Peligot  from  oil  of  einoamon, 
which  they  consider  a  compound  of  hTdroffen  and  the  base  of  this  acid  or  cinnamoj/jU 
The  oil  they  term  hydret  or  dnnanunfi.  This  acid  occurs  in  old  oil  of  cinnamon  in 
large  yellow  crystals,  soluble  in  boiling  water. 

JStaUic  Add  is  obtained  from  the  bmrae-cheatnat  (Eteahu  hippocutatmn). 

I  Pha.  TVans.  181S. 


Malic  acid. 


Process. 
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hot,  a  stream  of  solpliaretted  hydrogen  is  to  be  passed  through  it,  to  precipitate    Becu  II. 
the  remaining  Jead ;  the  liquid  is  then  filtered,  and  when  boiled  so  as  to  expel 
the  sulphuretted  hydrogen,  is  a  solution  of  the  pure  vegetable  acid. 

Malic  acid  may  also  be  obtained  by  steeping  sheet-lead  in  the 
juice  of  apples  ^  in  a  few  days,  crystals  of  malate  of  lead  form,  which 
may  be  collected  and  decomposed  by  dilute  sulphuric  acid."^ 

1652.  Malic  acid,  when  carefully  prepared,  is  colourless  and  very  pj^-gyties 
sour.    It  forms  crystallizable  salts  with  many  of  the  metallic  oxides, 

and  its  salts  are  termed  malatesA 

1653.  Citric  Acid,  C4H2O4.  eq.  60.0,  is  obtained  by  the  following  Citric  acid. 

process  from  lemon  or  lime  juice : 

Boil  the  expressed  juice  for  a  few  minutes,  and  when  cold,  strain  it  through  n^^  p,^. 
fine  linen;  then  add  powdered  chalk  as  lonj^  as  it  produces  eflerrescence,  heat  pared, 
the  mixture,  and  strain  it  as  before :  a  quantity  of  citrate  of  lime  remains  upon 
the  strainer,  which,  having  been  washed  with  cold  water,  is  to  be  put  into  a  mix- 
ture of  sulphuric  acid  with  twenty  parts  of  water  :  the  proportion  of  acid  may  be 
about  equal  to  that  of  the  chalk  employed.  In  the  course  of  twentyfour  hours 
the  citrate  of  lime  will  have  suffered  decomposition,  and  sulphate  of  lime  is 
formed,  which  is  separated  by  filtration.  The  filtered  lit^uor,  by  carefiil  evapo^ 
ration,  as  directed  for  tartaric  acid,  furnishes  crystallized  citric  acid.t 

In  difierent  states  of  purity  it  is  employed  by  the  calico-printers, 
and  used  for  domestic  consumption.  The  proportion  of  citric  acid 
afibrded  by  a  gallon  of  good  lemon-juice,  is  about  eight  ounces.^ 

1654.  Citric  acid  may  be  obtained  from  currants  by  the  following  Process 
process :  ^'^^  ^^'" 

mnts 

Pound  the  currants  and  cause  them  to  ferment ;  when  this  is  over,  distil  to 
separate  the  alcohol.  Saturate  the  hot  liquid  with  chalk ;  wash  the  citrate  of 
lime  with  water,  and  press.  Blix  the  citrate  of  lime  with  water,  and  reduce  to 
the  consistence  of  syrup ;  decompose  by  sulphuric  acid  diluted  with  twice  its 
weight  of  water.  Saturate  the  citric  acid,  thus  obtained,  with  carbonate  of  lime ; 
press  and  treat  as  before  with  sulphuric  acid.  Remove  the  colour  by  animal 
charcoal  and  evaporate.|| 

1655.  Citric  acid  forms  prismatic  crystals  of  a  very  sour  taste,  characters, 
very  soluble  in  water,  and  containing,  according  to  Berzelius,  1  atom 

real  acid  -f-  2  atoms  water,  a  portion  of  which  it  loses  by  exposure 
to  heat. 

1656.  Exposed  to  heat,  the  crystals  undergo  the  watery  fusion, 
and  the  acid  is  itself  decomposed. I1 

1657.  Tartaric  Acid.     C.U^O,,  eq.  66.24.     \    ^^jpy^rt^tS^'*    ^rid*"^ 

^        Pyruvic. 

This  acid  exists  in  several  vegetable  substances ;  it  is  one  of  tbe 
sour  principles  of  many  fruits,  and  is  said  to  be  abundant  in  the  po- 
tato-apple. Tartaric  acid  is  generally  obtained  from  the  hi-tartrate 
qfpotassa,  (purified  cream  of  tartar*) 

Mix  100  parts  of  this  salt  in  fine  powder  with  30  of  powdered  chalk,  and  gra-       ,     . 
dually  throw  the  mixture  into  10  times  its  weight  of  ooiling  water;  when  the  ^?r-^  • 
liquor  has  cooled,  pour  the  whole  upon  a  linen  strainer,  and  wash  the  white  ^'^^^'^ff* 

*  For  other  processes,  &c.,  see  Thomson's  Inorg;  Bodies^  ii.  76. 

t  For  an  account  of  which,  and  of  the  acids  derived  from  the  decomposition  of  malic 
add,  see  T.  Org.  Bodiet^  63. 

t  For  a  mode  of  obtaining  it  from  gooseberries  see  Ann.  Philo:  N.  S.  iv.  162. 

Many  circumstaDces  which  have  not  here  been  alloded  to,  are  reouisite  to  ensure 
complete  success  in  the  operation ;  these  have  been  fully  described  by  Parkes,  in  his 
Chem.  Eaaay. 

I  Twenty  gals,  of  good  lemon-raice  afford  to  lbs.  of  crystals.    (Ure.) 

Ii  Tilloff  in  Ann.  de  Chim.  -et  de  PAyt.  xxxix.  822. 

IT  For  derivative  acids  see  T.  or  B.  62,  and  for  Cttroiet,  B.  ii.  616. 
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Chap  VI.  powder  which  rtnaiiii  with  oold  water  >  thu  it  a  tarfMU  ^  Ume;  diffine  it 
through  a  suffioiaot  quaattty  of  wat^r,  add  milphurie  acid  Mual  in  wMbt  to  the 
chalk  einployedf  and  occaaionally  aCir  the  miiture  during  84  hours ;  tnon  filtar, 
and  carenilly  evaporate  the  liquor  to  about  one  fourth  iti  original  bulk ;  filter 
again,  and  evaporate  with  much  care  nearly  to  dryness ;  re-dissoUe  the  dry  maw 
in  about  6  times  its  weight  of  water,  render  it  clear  by  filtratioa^  eyaporate 
slowly  to  the  consisteDoy  of  sirup,  and  set  aaide  to  crystallize. 

By  two  or  three  successive  solutions  aod  crystallizations^  tartaric 
acid  will  be  obtained  in  colourless  crystals,  soluble  in  6  parts  of  wa- 
ter at  60^.  Their  primary  form  is  an  oblique  rhombic  prism.* 
Propertms.  1658.  The  crystals  melt  at  a  heat  a  little  exceeding  212^  into  a 
fluid  which  boils  at  260^  and  leaves  a  semi-transparent  mass  on 
cooling,  slightly  deliauescent. 

The  aqueous  solution  of  tartaric,  in  common  with  the  ether  vege- 
table acids,  soon  becomes  mouldy,  and  suffers  decomposition. 
Forms  don-      1659.  Tartaric  acid  has  a  great  tendency  to  combine  at  once  with 
ble  salts,     i^^  bases  and  form  double  salts.     In  consequence  of  this  property  it 
prevents  antimony  from  being  precipitated  as  usual  by  water,  and 
even  hinders  alkaline  bodies  from  precipitating  solutions  of  the  me- 
tal  in  acids  as  they  usually  do.   t. 
•Tartrate of      1660.   Tartrate  of  Potassa^  (formerly  soluble  tartar)  is  formed  by 
potassa.      saturating  the  excess  of  acid  in  tartar  by  potassa,  and  boiling.     Ac- 
cording to  Phillips,!  100  parts  of  tartar  require  43.5  of  sub-car- 
bonate  of  potassa.      The    resulting   salt  is  soluble   in  less  than 
twice  its  weight  of  water  ;  it  forms  large  prismatic  crystals.     These 
contain  1  atom  acid,  1  potassa,  and  2^  water. 

This  salt  is  used  in  pharmacy  as  an  aperient ;  it  is  the  paiassa 
tartras  of  the  Pharmacop,     Its  taste  is  saline,  and  somewhat  bitter. 
Biuutrate        1661.  Bi-tartrate^  or  SupertartreUe  of  Potassa.     Tartar.     This 
or  crude      substance  exists  in  considerable  abundance  in  the  juice  of  the  grape, 
tartar.        ^^^  -^  deposited  in  wine  casks,  in  the  form  of  a  crystallized  incrus- 
tation :  called  argol  or  crude  tartar.     It  is  purified  by  solution  and 
crystallization,  which  renders  it  perfectly  white  ;t  when  in  fine  pow- 
der it  is  termed  cream  of  tartar. 

It  may  also  be  formed  by  adding  excess  of  tartaric  acid  to  a  solu- 
tion of  potassa.     The  mixture  presently  deposits  crystalline  grains, 
and  furnishes  a  striking  example  of  the  diminution  of  solubility  by 
Tartaric      increase  of  acid  in  the  salt.     Upon  this  circumstance  the  use  of  tar- 
acid  test  for  taric  acid  as  a  test  for  potassa  depends,  for  ^  soda  forms  an  easily 
potasss'      soluble   supertartrate  and   consequently  affords  no  precipitate,    b. 

Its  constituents  are  2  at.  acid,  1  potassa,  2  water,  t. 
Imparities.       1662.  The  tartar  of  commerce  is  never  quite  pure.     According  to 
Thomson  it  contains  five  per  cent,  of  tartrate  of  lime.^     It  is  some- 
times adulterated  by  the  addition  of  pounded  quartz,  and  by  calca- 
reous spar ;  the  former  may  be  detected  as  an  insoluble  residue  by 
boiling  the  powdered  tartar  with  half  its  weight  of  potassa  or  of  bo- 
rax in  eight  parts  of  water;  the' latter  produces  effervescence  with 
Acta  as  a     dilute  hydrochloric  acid, 
sinwle  1663.  Bi-tartrate  of  potassa,  it  is  observed  by  Gay-Lussac,  acts,  in 

*  Brooke  in  Arm.  PhUo:  Ti.  N.  S.  t  Remarkt  on,  Pkanaaeap. 

t  See  process  B.  ii.  600,  and  Jour,  de  PAyt.  i.  67. 

f  Inor/f.  Ckem»  ii.  433.   When  piesaiit  it  separates  ia  tufts  of  acioolar  crystak  ffom 
the  hot  solotioD.   B.  6(B. 
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uiBDy  caseS)  like  a  simple  acid,  and  even  dksolres  oxides  that  are    B9tt,u. 
insoluble  in  the  mineral  acids  and  in  the  tartaric  acid.     He  proposed 
its  ose,  therefore,  in  mineral  analysis. 

1664.  When  exposed  to  heat,  tartar  fnses,  blackens,  and  is  decom-  ^'^^^ 
posed  :  and  carbonate  of  potassa  is  the  remaining  result.     Provided   *^     * 
the  tartar  be  free  from  lime,  which  however  is  seldom  the  case,  this 
furnishes  a  good  process  for  obtaining  pure  carbonate  of  potassa. 

The  aqueous  solution  of  tartar  becomes  mouldy  when  exposed  to  air, 
and  the  tartaric  acid  being  entirely  decomposed  leaves  a  weak  solu- 
tion of  carbonate  of  potassa. 

The  component  parts  of  tartar  render  it  an  excellent  flux  in  the  ^ 
reduction  of  metallic  ores  upon  a  small  scale,  its  alkali  promoting    '^' 
their  fusion,  and  the  carbonaceous  matter  tending  to  reduce  the 
oxides. 

1665.  Tartrate  of  Potassa  and  Soda  is  prepared  by  saturating  Tartrate  of 
the  excess  of  acid  in  tartar,  with  carbonate  of  soda ;  it  is  the  tartras  potassa  and 
petassee  et  soda  of  the  Fharmacop. ;  it  forms  prismatic  crystals.*     It  ^^*' 

has  long  been  used  in  pharmacy  under  the  name  of  Rochelle  So/if 
and  Set  de  Seignette.  it  consists  of  1  atom  of  the  tartrate  of  potassa, 
1  atom  of  the  tartrate  of  soda,  and  10  atoms  of  water,    t.  11.793. 

It  is  frequently  made  extemporaneously  by  dissolving  equal 
weights  of  tartaric  acid  and  the  sesquicarbonate  of  soda  in  separate 
portions  of  water,  and  then  mixing  the  solutions.t 

1666.  Tartrate  of.  Iron  and  Potassa,     This  is  the  Ferrum  tarta-  Of  iron  and 
risatum  of  the  London  Pharmacop.f  but  it  is  most  conveniently  em*  P*^'****' 
ployed  as  a  medicine  in  solution,  which  may  be  formed  by  digesting 

1  part  of  soft  iron  filings  with  4  of  tartar. 

This  mixture  should  be  made  into  a  thin ,  paste  with  water,  and  digested  for 
some  weeks,  till  the  acid  is  neutralized,  fresh  portions  of  water  being  occasion- 
ally added  to  prevent  exsiccation.  The  solution  of  this  compound  which  con* 
tains  the  iron  in  the  state  of  peroxide,  is  possessed  of  some  curious  properties, 
first  pointed  out  by  Phillips.^ 

1667.  Tartrate  of  Potassa  and  Copper  is  formed  by  boiling  oxide  Brunswick 
of  copper  and  tartar  in  water :  the  solution  yields  blue  crystals  on  P^'^ 
evaporation  ;  or  if  boiled  to  dryness,  furnishes  one  of  the  pigments 

called  Brunswick  green, 

1668.  Tartrate  of  Antimony  and  Potassa — Emetic  Tartar,    This  Tartrate  of 
compound  may  be  obtained  by  boiling  protoxide  of  antimony,  with  antimonr 
pure  supertartrate  of  potassa.     It  is  the  antimonium  tartarizatum  of  ^  potas- 
the  London  and  U,  S.  Pharmacop, 

Emetic  tartar  may  be  prepared  by  boiling  a  solution  of  100  parts  of  tartar  with  prepi^. 
100  parts  of  finely  levigated  glass  of  antimony,  or  of  the  sesquioxide;  the  ebulli*  tion  of 
tion  should  be  continued  fur  half  an  hour,  and  the  filtered  liquor  evaporated  to  emetic  tar- 
about  half  its  bulk,  and  set  aside  to  crystallize ;  octohedral  and  tertrahedral  crys-  tar* 
tals  of  the  emetic  salt  are  thus  obtained ;  and  there  is  generally  formed  alona 
with  them  a  portion  of  tartrate  of  lime  and  potaasa,  which  is  deposited  in  small 

*The  forms  of  its  crystals  arising  from  the  modification  of  a  right  rhombic  prism, 
are  represented  by  Brooke  io  Ann.  Bhilos,  N.  S.  v.  451. 

t  Stxla  or  Sodaic  powders  of  the  shops  are  packed  in  two  distinct  papers,  the  one  blue  ^^  „<,--i-« 
and  the  other  white,  the  blue  coutaining  halt  a  drachm  of  carbonate  oTsoda,  the  white  ««*p«*°«* 
gr.  XXV.  of  tartaric  acid;,  when  dissolved  and  mixed,  efiervescence  takes  place,  but  the 
liquid  is  by  no  means  similar  to  "  soda  water." 

$  Experimental  Examination  of  the  London  Pkarmacap.  9S. 
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Chap.  VL  tafU  of  a  radiated  textura,  and  which  majr  eanly  be  aeparated  when  the 
dried.* 

Properties.  1^69.  Emetic  tartar  is  a  white  salt,  slightly  efflorescent,  soluble  ia 
about  14  parts  of  cold  and  2  parts  of  boiling  water.  It  is  decomposed 
by  the  alkalies,  and  when  heated  with  ammonia,  a  portion  of  protoz* 
ide  of  antimony  is  thrown  down,  and  a  very  soluble  compound 
remains  in  the  liquor.  Hydrosulph uric  acid  gas;produce8  an  orange* 
coloured  precipitate  in  its  solution.  It  is  decomposed  by  bitter  and 
astringent  vegetable  infusions,  but  they  do  not  render  it  inactive  as  a 
medicine.t  Phillips  has  shown  that  emetic  tartar  consists  of  1  atom 
bi-tartrate  of  potassa,  3  sesquioxide  of  antimony,. 3  water. 

According  to  Thomson  emetic  tartar  consists  of  2  atoms  tartaric 

Analysis.    ^^^^^  <j  atoms  sesquioxide  of  antimony,  1  atom  of  potassa  and  2 

atoms  of  water. t 

C        Derivative  AddM, 
Meconic  1670.  Meconic  Acid.     CtHjOt  eq.  100.00.  ]  PvromeconicCwHgO*. 

1^^^  {  ftfetamecoDicCuHiOio. 

This  acid  exists  in  opium  and  was  discovered  by  Sertiirner  and  called 
meconic  acid  from  the  Greek  M^mkv^  P^PMf'  I^  is  procured  by  se- 
veral processes  of  which  the  following  is  recommended  by  Thom- 
son^ as  the  easiest. 

Make  an  infusion  of  opium  in  water  acidulated  with  sulphuric  acid.  The  in- 
Prooesefor.  fusion  is  mixed  with  chloride  of  calcium  in  sufficient  quantity  to  throw  down  the 
sulphuric  and  meconic  acids  in  combination  with  lime.  This  precipitate  is 
washed,  first  with  cold  water,  and  afterwards  with  boiling  aicohor.  It  ia  next 
mixed  with  ten  times  its  weight  of  water,  and  heated  to  about  194^.  Add  by 
little  and  little,  agitating  violently,  a  quantity  of  hydrochloric  acid,  sufficient  to 
dissolve  the  meconate  of  lime,  which  constitutes  the  greater  part  of  the  precipi- 
tate. Pour  the  liquid  upon  a  filter,  previously  wash^  with  hydiochlonc  acid. 
On  cooling,  light  and  brilliant  crystals  of  bimeconate  of  lime  are  deposited, 
which  are  to  be  dried  between  the  folds  of  a  cloth ;  dissolve  them  in  hot  water, 
and  add  a  sufficient  (quantity  of  hydrochloric  acid  to  decompose  the  salt.  Keep 
the  liquid  for  some  time  hot,  but  under  212° ;  on  cooling,  crystals  of  meconic  acid 
are  deposited. i| 

To  deprive  it  of  colour,  saturate  by  a  dilute  solution  of  caustic  potassa.    Die- 
solve  the  meconate  of  potassa  formed,  in  a  small  quantity  of  hot  water ;  let  it 
cool,  and  expose  the  resulting  magma  to  pressure.    Dissolve  and  crystallize 
anew,  and  finally  decompose  the  salt  by  hydrochloric  acid. 
Hare's.  Hare  has  given  the  following  process  :ir  To  an  aqueous  infusion  of  opium  add 

acetate  of  lead,  collect  the  meconate  of  lead  by  a  filter,  and  expose  it  to  hydro- 
sulphuric  acid  gas ;  the  meconic  acid  will  be  set  free.  The  solution  is  of  a  red- 
dish amber  coioor,  and  furnishes,  by  evaporation,  crystals  of  the  same  hue. 
Instead  of  hydrosulphuric  acid,  sulphuric  acid  may  be  used  to  liberate  the  meco- 
nic acid. 

p^,,^^^       1671.  Meconic  acid  crystallizes  in  white  transparent  scales.     It  is 
not  altered  by  cold  S  or  hydrochloric  acid  ;  dilate  N  converts  it 

*  Phillips,  in  bis  Experimental  BxaminatiaM  of  the  London  Pharmaeop.^  has 
stated  several  facts  respectiDe  the  formation  of  this  salt,  which  will  be  found  uisefol  to 
the  manufacturer.    See  Bigeiow*8  Sequel,  76. 

t  Accordinff  to  Orfila,  the  compound  of  tannin  and  oxide  of  antimony  is  inert,  and 
he  recummeiids  a  decoction  of  cinchona  bark  aean  antidote. 

t  hujTg.  Chem.  11.799.  For  an  account  of  raeemic  aeid  and  remarks  on  its  com« 
pounds  see  T.  Org.  Chem.  67.  9  Org.  Bodiet,  80. 

II  If  the  crystals  are  mixed  with  bimeconate  of  lime,  repeat  the  treatment  with  hy- 
drochloric acid,  or  sepsrate  the  crystals  of  bimeconate,  which  are  much  lighter,  by 
levigation.    T.  Chem.  Org,  Bodies^  SO. 

IT  Amer.  Jour.  xii.  393.    For  other  processes,  see  B.  II,  535. 
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into  oxalic  acid.     It  is  soluble  io  4  times  its  weight  of  hot  water ;    ^•^^'  "• 
when  long  boiled  the  solution  becomes  yellowish,  then  red,  and  at 

last  deep  brown,  at  the  same  time  C  is  disengaged,  and  the  acid  is 
changed  into  metameconic  acid,  which  is  no  longer  altered  by  the 
water.  This  change  may  be  produced  by  the  action  of  a  water-bath 
continued  for  several  days.  The. new  acid  precipitates  during  the 
cooling.  It  consists,  according  to  Liebig,  of  carbon  41.54,  hydrogen 
2.07,  oxygen  66.39. 

1672.  Meconic  acid  combines  with  bases  in  three  proportions  and  porms 
it  forms  with  them  neutral  salts;  the  bisalts  strike  a  very  deep  redsalu. 
with  the  persalts  of  iron,  which  disappears  when  the  iron  is  reduced 

to  protoxide,  but  re-appears  when  the  iron  is  again  peroxidized. 
The  meconates  are,  in  general,  insoluble  in  alcohol. 

1673.  When  nitrate  of  silver  is  poured  into  a  solution  of  meconic  ^^^^^11  of 

acid,  and  a  little  more  N  added  than  is  sufficient  to  dissolve  the  me-  ^HY^r. 
conate  of  silver,  if  we  heat  the  liquid  the  salt  is  converted  into  cya- 
nide of  silver.     The  liquid,  at  first  limpid,  becomes  gradually  filled 
with  flocks  of  cyanide.     It  contains  also  oxalate  of  silver  in  solution. 

If  too  much  N  be  added,  much  oxalate  of  silver  is  formed;  but  no 
cyanide.* 

1674.  Game  Acid.  C,H,Os.  eq.  86.00.  jQ^^^^g*^^^   ^ThisQ^^rid. 

acid  derives  its  name  from  the  gallnut,  whence  it  was  first  procured 
by  Scheele.  It  may  be  obtained  by  several  processes,!  among  which 
the  following  deserve  notice : 

^  Moisten  bruised  gallnutt,   and    expose  tbem    for  four  or  five  weelu,  to  Uqw  ob- 
a  temperature  of  about  80°.    A  mouldy  paste  is  formed,  which  is  to  be  squeezed  taioed. 
dry,  and  digested  in  boiling  water ;  it  then  affords  a  solution  of  ^lic  acid,  which 
may  be  whitened  by  animlal  charcoal,  and  which,  on  evaporation,  yieldis  gallic 
acid,  crystallized  in  white  needles.^ 

Boil  an  ounce  of  powdered  galls  in  16  ounces  of  water  down  to  8,  and  strain ; 
dissolve  2  ounces  of  alum  in  water,  precipitate  the  alumina  by  carbonate  of  po- 
taasa,  and,  after  edulcorating  it,  stir  it  into  the  decoction ;  the  next  day  filter  the 
mixture}  wash  the  precipitate  with  warm  water,  till  this  will  no  longer  blacken 
sulphate  of  iron ;  mix  the  washing  with  the  filtered  liquor,  evaporate,  and  the 
gallic  acid  will  be  obtained  in  acicular  crystals.^ 

1675.  Gallic  acid  when  pure  is  in  snow-white  needles,  requiring  Properties. 
100  times  their  weight  of  cold  water  to  dissolve  them,      when 
dropped  into  a  solution  of  persulphate  of  iron,  a  deep  blue  precipitate 

falls,  which  dissolves  slowly  in  the  liquid,  and  after  an  interval  of 
some  days,  the  liquid  becomes  almost  colourless.  Sulphuric  acid 
removes  nearly  all  the  iron  and  protosulphate  of  iron  crystallizes. 
The  same  changes  are  quickly, produced  by  boiling,  with  the  disen- 

gagement  of  C. 

1676.  Gallic  acid  forms  white  precipitates  with  baryta,  strontia,  Predpi- 
and  lime  water  which  redissolves  in  an  excess  of  acid.     Acetate  or  <•(••• 
nitrate  of  lead  produces  a  white  precipitate,  not  altered  in  colour  by 
exposure  to  the  air.  II 

*  liebig.  t  For  others  see  T.  Inarg.  BodieM^  ii.  99,  and  B.  619. 

t  Braooftnot,  Ann.  dp  Oiirti.  d  Phyt,  ix.  181. 

f  Fiedler  in  Nicholson's  Diet.  1.236. 

II  PaloQsc  in  Afia.  de  Chim,  et  Phy.  liv.  348. . 


3^  FegeiabU  Addt. 

*^p  v'v      1677.  The  characteristic  property  of  gallic  acid  is  to  strike  a  deep 

Character-  blue  with  the  salts  of  iron,  particularly  the  sulphate.     The  tannin, 

istic  pi»-     which  is  another  constituent  of  nutgalls,  possesses  the  same  property. 

1678.  Gallic  acid  and  tannin  are  of  great  importance  in  the  forma* 

tion  of  ink,  and  the  precipitate  formed  is  retained  in  sospeusioo  by 

mucilage.* 

Kiiiicwid.  1679.  KinicAcid.  C„H,0»,  eq.  171.00.  l^okiJif  ^  Kinicacid 
derives  its  name  from  having  been  discovered  in  Peruvian  bark.  A 
watery  infusion  of  the  bark  evaporated  to  a  syrup  and  treated  with 
alcohol,  leaves  a  viscid  mass  containing  kinate  of  lime  and  gum. 
Obt  '  md  ^y  solution  and  crystallization,  kinate  of  lime  may  be  procured  in 
crystals,  from  which  the  lime  may  be  separated,  by  dissolving  the 
kinate  in  water,  and  adding  sulphuric  or  oxalic  acid.  It  forms  solu- 
ble salts  with  alkalies,  and  metallic  oxides.! 

1680.  Tannic  Acid — Tannin.    CigHgOis,  eq.  212.    This  substance 

Tannic add.exi&ts  iq  an  impure  stale  in  the  excrescences  of  several  species  of 

oak,  called  gallnuts ;    in  the  bark  of  most  trees ;  in  some  inspissated 

.  L^,.*-r'*w-*  juices,  such  as  kino  and  catechu  ;  in  the  leaves  of  the  tea-plant,  su- 

^^"'^^^  *    SoQtody  ro^^ch  and  tHirmtebewpji  (uva  ursa),  and  in  astringent  plants  generally, 

being  the  chief  cause  of  the  astringency  of  vegetable  matter.  It  is 
frequently  associated  with  gallic  acid,  as  in  gallnuts,  in  most  kinds 
of  bark,  and  in  tea ;  but  in  kino,  catechu,  and  cinchona  bark,  little 
or  no  gallic  acid  is  present. 

It  may  be  prepared  pure  from  nutgalls  by  the  following  process : 

Obtained.  Into  the  mouth  of  a  Bask,  fit,  by  grinding,  a  narrow  clans  veasel,  fitted  with  a 
cork,  or  stopper,  at  the  upper  end.  Fill  the  bottom  of  the  long  narrow  glass  ves- 
sel, where  it  enters  the  flask,  with  a  little  cotton,  and  place  above  the  cot- 
ton a  quantity  of  nut-galls,  in  fine  powder,  fillins  about  half  the  vessel.  Pour 
over  this  a  sufficient  quantity  of  the  common  sulpnuric  ether  of  commerce  to  fill 
the  rest  of  the  vessel.  Put  m  the  stopper  and  set  the  whole  aside.  The  foJ low- 
ins  day,  there  will  be  found  in  the  flask  two  distinct  layers  of  liquid :  one  very 
light  and  fluid  in  the  upper  part;  the  other  heavier,  of  a  light  amber 
colour,  occupying  the  bottom.  Pour  the  whole  into  a  flinnel,  stopping  the  bot- 
tom with  the  finger ;  let  it  remain  at  rest  for  a  few  minutes,  till  tne  two  liquids 
»  ■  ■ 

*  To  make  twelve  gallons  of  good  ink,  we  may  take  nutgalla  12  lbs.,  green  salphate 
Ink.  of  iron  5  lbs.,  gam  seDesal  6  lbs.,  water  12  gals.    The  nutnills  are  to  be  pot  into  a 

cylind  rical  copper,  of  a  depth  equal  to  its  dismeter,  and  boiled,  duriog  three  hours  with 
tnree  fourths  of  tne  above  quantitv  of  water,,  adding  fresh  water  to  replace  what  is 
lost  by  evaporation.  Empty  the  decoction  into  s  tub,  draw  off  the  clear  liquor  and 
"  '     drain  the  lees.    Dissolve  the  gam  in  a  smsU  quantity  of  hot  water,  filter,  and  add  to 

the  clear  decoction.  The  sulphate  nf  iron  must  be  separately  dissolved  and  mixed. 
The  colour  darkens  by  exposure.  But  ink  is  more  durable  when  used  pale.  Ure's 
Did.  Arts  and  Man,  677. 

The  following  gives  a  good  ink.  Bruised  galls  8  oz.,  sulphate  of  iron  4  oz.,  gum 
arable  3  oz.,  sugar  candy  i  oz.  Boil  the  ^Ils  ii}  twelve  pints  of  water  down  to  six, 
strain,  and  add  the  other  ingredients,  stirring  till  dissolved.  After  twentyfour  honrs 
decant  and  bottle.    See  other  methods  in  R.  1 1.633. 

The  tendency  of  the  ink  to  become  mouldy  is  much  diminished  by  keeping  a  few 
cloves  in  the  ink  bottle,  or  by  dissolving  in  each  pint  of  the  ink  about  three  grains  of 
corrosive  sublimate. 

The  colour  of  common  writing  ink  is  apt  to  fade,  in  consequence  of  the  decomposi- 
tion of  its  vegetable  matter ;  and  when  thus  illegible,  it  may  olleo  be  restored  by  wash- 
ing the  writing  with  vinegar,  and  subsequentlV  with  infusion  of  ^is.  Acids  also 
destroy  its  colouring  matter,  and  those  inks  which  resist  their  action  oontsin  some 
other  colouring  principle,  usually  finely  powdered  charcoal.  Coounon  writing  ink  is, 
for  this  reason,  much  improved  by  dissolving  in  the  quantity  above-mentioo«i  abont 
an  ounce  of  Indian  Ink^  which  is  lamp-blaclc  made  into  a  cake  with  isinglass.  See 
Maeeulloch  on  Indelible  Ink,  dec   Brewster's  Jour,  i.  318,  and  BoU,  Jour.  ii.  844. 

t  For  details,  and  other  fixed  acids,  see  T.  Or£^.  Bodiet,  89. 
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wpBrata ;  allow  the  heavier  to  fall  into  a  capfRile,  and  Mt  tho  lighter  portion  8ect.IL 
aside  in  order  to  recoyer  the  ether,  of  which  it  principally  consists,  hy  distillation. 
Wash  the  dense  liquid  two  or  tfcoree  times  with  sulphuric  ether ;  then  dry  it  in  a 
stove,  or,  in  vacuo,  over  snlphuric  acid.  Much  vapour  of  ether  and  water  is 
disengaced ;  the  bulk  increases,  and  a  spongy  residue  is  left,  brilliant,  and  some- 
times colourless,  though  usually  yellowish.  This  substance  is  tonntn  in  a  pure 
state.    T.  109. 

1681.  Pure  tannic  acid  is  colourless  and  inodorous,  has  a  purely 
astringent  taste  without  bitterness,  and  may  be  preserved  without  "•?•'*•*•• 
change  in  the  solid  state,  very  soluble  in  waten  reddens  litmus,  and 
decomposes  alkaline  carbonates  with  eflervescence.     Alcohol  and 

ether  dissolve  tannic  acid,  but  more  sparingly  than  water.  Solutions 
of  tannic  acid  do  not  affect  pure  protosalts  of  iron,  but  strike  a  deep 
blue  precipitate  with  the  persalts :  a  strong  solution  of  it  yields  a 
copious  white  precipitate  with  the  sulphuric,  nitric,  hydrochloric, 
phosphoric,  and  arsenic  acids,  but  none  with  the  oxalic,  tartaric,  lac- 
tic, acetic,  citric,  succinic,  and  selenious  acids.  It  is  precipitated  also 
by  the  carbonates  of  potassa  and  ammonia,  by  the  alkaline  earths, 
alumina,  and  many  solutions  of  the  second  class  of  metals.  With 
cinchonia,  quinia,  brucia,  strychnia,  codeia,  narcotina,  and  morphia, 
it  yields  white  tannates,  which  are  sparingly  soluble  in  pure  water, 
but  are  dissolved  readily  by  acetic  acid.  By  digestion  with  nitric 
acid  it  yields  oxalic  acid. 

1682.  A  solution  of  tannic  acid  may  be  preserved  without  change,  .  j^, 
provided  it  be  excluded  from  oxygen  gas  ;  but  in  open  vessels,  it  gra-  oxma! 
dually  absorbs  oxygen,  an  equal  volume  of  carbonic  acid  is  evolved* 

It  becomes  turbid,  and  deposits  a  crystalline  matter  of  a  gray  colour, 
nearly  all  of  which  is  gallic  acid.  After  digestion  with  a  little  ani- 
mal charcoal,  the  gallic  acid  is  perfectly  white  and  pure.  There  is 
no  doubt,  therefore,  of  the  conversion  of  tannic  into  gallic  acid. 

1683.  Tannic  acid  is  distinguished  from  all  substances,  except  gal- 
lic acid,  by  forming  a  deep  blue  precipitate  with  persalts  of  iron,  and  ^^'^u^ 
from  gallic  acid,  by  yielding  with  a  solution  of  gelatin  a  white  flaky 
precipitate,  which  is  soluble  in  a  solution  of  gelatin,  but  insoluble  in 
water  and  gallic  acid.  This  substance,  to  which  the  name  of  tannth 
gdatin  has  been  applied,  is  the  basis  of  leather,  being  always  formed  1^^^^'- 
wheTi  skins  are  macerated  in  an  infusion  of  bark.  When  dried  it 
becomes  hard  and  tough,  and  resists  putrefaction.     Its  composition 

is  apt  to  vary,  according  to  the  relative  quantities  of  the  materials 
used  in  its  formation. 

'  To  a  strong  solution  of  ^latin  (common  alue  answers)  add  a  strong  infusion  of  g_^ 
gallnuts,  the  white  precipitate  may  be  collected  upon  a  glass  rod  and  pressed 
together,  forming  a  tough  extensible  mass  resembling  new  leather. 

1684.  From  the  experiments  of  Davy,  it  appears  that  the  inner 
cortical  layers  of  bark  are  the  richest  in  tannic  acid.  Its  quantity  is 
greatest  in  early  spring,  and  smallest  during  winter.  Of  all  the 
varieties  of  bark  which  he  examined,  that  of  the  oak  contains  the 
largest  quantity  of  tannic  acid. 

1685.  The  various  kinds  of  tannic  acid  obtained  from  cinchona 
bark,  kino,  and  other  sources,  correspond  in  most  respects  with  that 
above  described  ;  but  at  the  same  time  some  difference  is  observable, 
some  kinds  striking  a  green  instead  of  a  deep  blue  colour  with  the 
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chAp>vi.  penalts  of  iron.*    The  tannic  acid  from  cateefaii  is  lesft  highly  oxi- 
dized than  that  from  gallnuts. 

1686.  Artificial  Tannic  Acid.     This  substance  was  discovered  by 
AitifidaJ     Hatchett»  and  is  prepared  by  the  action  of  nitric  acid  on  charcoal.! 

For  this  purpose  100  grains  of  charcoal  in  fine  powder  are  digested  in  tn  otioee 
of  nitric  acid|  of  density  1.4,  diluted  with  two  ounces  of  water,  with  a  gentle  heat, 
until  the  charcoal  is  dussolved.  The  reddish-brown  solution  is  then  eyn>onted 
to  dryneas,  in  order  to  expel  the  nitric  acid,  the  temperature  being  carefulfv  regu- 
lated towards  the  close  of  the  process,  so  that  the  product  may  not  be  decom- 
posed. 

Properties.  Artificial  tannic  acid  is  a  brown  fusible  substance  of  a  resinous 
fracture,  astringent  taste,  and  acid  reaction ;  soluble  in  cold  water  and 
in  alcohol.  With  a  salt  of  iron  and  solution  of  gelatin  it  acts  pre- 
cisely in  the  same  manner  as  natural  tannic  acid.  It  differs,  how- 
ever, from  that  substance  in  not  being  decomposed  by  the  action  of 
strong  nitric  acid. 

1687.  Artificial  tannic  acid  is  generated  by  the  action  of  nitric 
acid,  both  on  animal  or  vegetable  charcoal,  and  on  pit-coal,  asphal- 
tum,  jet,  indigo,  common  resin,  and  several  other  resinous  substances. 
It  is  also  procured  by  treating  common  resin,  elemi,  assafcBtida,  cam- 
phor, balsams,  &c.,  first  with  sulphuric  acid,  and  then  with  alcohol. 

Oily  Acids. 

Oily  acids.  1688.  These  acids  are  so  called,  because  they  are  formed  from 
oils  or  fat,  and  enter  into  the  composhiou  of  soaps,  or  because  they 
possess  many  of  the  characters  of  oils.t 

1689.  In  1813  Cltevreul  made  known  an  acid  substance  which 
enters  into  the  composition  of  soaps,  to  which  he  gave  the  name  of 
margarine  and  afterwards  distinguished  it  as  margarie  acid*  He 
found  that  this  acid  extracted  from  different  bodies  existed  in  two  differ- 
ent states,  and  as  the  one  contained  more  oxygen  than  the  other,  he 
distinguished  them  at  first  by  the  name  of  margarous  and  margarie 
acids.  But  he  afterwards  thought  better  to  give  to  margarous  acid 
the  name  of  stearic  acid,^  and  to  retain  the  term  margarie  acid  for 
the  latter. 

1690.  The  method  of  procuring  stearic  acid  is  as  follows : 

Make  a  soap  by  boiling  mutton  suet  and  caustic  potassa  together,  with  a  aoffi- 
Processfor,  cient  quantity  of  water,  nil  the  whole  is  converted  into  soap.  Dissolve  one  part 
of  this  soap  in  6  parts  of  warm  water,  and  mix  the  solution  with  about  40  parlaof 
cold  water,  and  leave  it  for  some  time  in  a  temperature  about  60°,  or  between 
609  and  70<^.  A  substance  precipitatee  of  a  pearly  lustre,  which  is  a  mixture  of 
ttitUaraU  t^potasta  and  margarate  of  potassa.  Collect  this  on  a  filter  and  wash 
it.  The  liquid  that  has  ]miimk1  througii  the  filter  bein^  mixed  with  a  little  acid 
to  saturate  the  potassa,  will  yield  an  additional  quantity  of  this  two>fbld  soapy 
salt.  Bj^  repeating  this  process  several  times,  all  tne  bistearate  and  margarate  of 
potassa  is  ootainea,  and  the  water  retains  only  the  oleate  of  potassa.  The  bi- 
stearate and  margarate  of  potassa  is  to  be  dried  and  dissolved  m  about  20  times 
its  weight  of  hot  alcohol  or  0.82.    When  the  alcohol  cools,  a  quantity  of  bistear- 
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*  These  have  been  dlstiDguished  by  names  formed  from  that  of  the  substances  which 
afford  them.    See  Thomson,  Org.  BwUea^  112. 

iPhiL  Trans.  1605—6. 

t  Thomson  include?  twentythree  acids  in  this  group.  They  were  first  diatim^iahed 
by  Cbevreal,  who  devoted  ten  years  to  the  assiooous  atudy  of  fixed  oils  and  fats.  A 
few  only  of  the  most  important  will  be  described  in  the  following  pages,  referring  to 


Thomson's  work  for  the  study  of  the  greater  number. 
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ate  of  potaoa,  mixed  with  mai]garate,  precimtatea,  and  oleat^  and  mamrate  of  po*    Bacull. 
tassa  remains  in  eolation  in  the  alcohol.    By  repeated  solution  in  boiling  alcoool 


when  cool. the  stearic  acid  is  separated. 

1691.  Stearic  Acid,  GtoHaOs,  eq,  627,  is  white,  tasteless,  and  des- Properties, 
titute  of  smell,  insoluble  in  water ;  toluble  in  alcohol  at  167^  from 

which  it  crystallizes  at  122^,  becoming  solid  at  113^.  It  reddens  ve- 
getable blues  and  combines  with  bases  forming  salts  called  siearates. 
It  burns  like  wax. 

1692.  Margaric  Acid^  CtoHtoOs*  eq.  562,  is  distinguished  from  Margaric 
the  last  by  melting  at  140^,  while  that  requires  a  temperature  of  *^^' 
158^.     When.it  is  distilled  with  lime,  a  soft  matter  is  obtained,  which 

when  pressed  between  folds  of  blotting  paper,  gives  out  oil,  and  a 
white  substance  remains  which  has  been  named  margarom. 

1693.  To  obtain  pure  margarone  it  is  to  be  repeatedly  dissolved  Obtained, 
in  alcohol,  and  allowed  to  separate  by  crystallization.     It  is  white, 
brilliant,  and  has  a  pearly  lustre.     It  is  a  non-conductor  of  electricity 

and  becomes  electric  by  friction  and  pressure.  It  dissolves  in  fifty 
times  its  weight  of  boiling  alcohol,  of  sp.  gr.  0.S36  but  is  mostly  de- 
posited on  cooling ;  is  incapable  of  forming  a  soap.  It  differs  from 
margaric  acid  bv  wanting  an  atom  of  carbonic  acid. 

1694.  Oleic  Add,  GTeHnO,,  eq.  538,  is  obtained  from  soap  made  Oleic  add. 
with  linseed  or  hemp  oil  with  potassa.     It  is  somewhat  coloured  and 

has  an  etherial  smell,  is  insoluble  in  water,  but  soluble  in  alcohol. 
It  decomposes  the  alkaline  carborrates,  reddens  litmus,  and  forms 
salts,  or  rather  soaps,  to  which  the  name  of  cieates  is  given.  It  burns 
like  the  fixed  oils. 

1695.  When  olive  oil  is  treated  with  half  lits  weight  of  concen- ■^^j^J'' 9^ 
trated  sulphuric  acid  three  acids  are  obtamed,  one  of  which  has  been  ^^|.  ""^ 
called  sidpluholeicyf  and  this  decomposed  aflfords  hydro-oleic  acid. 

From  the  last  named  acid  two  liquids  have  been  obtained  having  the 
same  composition  as  olefiant  gas,  one  of  these  boils  at  ISl**,  the  other 
at  23Q°*     The  first  has  been  recently  called  Olein,  the  second  Elain.  Olein. 

1696.  Olein  is  white,  very  liquid,  and  lighter  than  water,  with  a 
strong  odour,  very  combustible,  and  burning  with  a  greenish  flame. 
Its  vapour  appears  to  be  poisonous. 

Elain  is  less  soluble  in  alcohol,  and  burns  with  a  fine  white  flame.  ^"'^' 
According  to  Thomson,  olein  is  composed  of  6  carbon  and  6  hydro- 
gen, and  elain  of  9  carbon  and  9  hydrogen.t 

Acids  containing  Nitrogen.^ 

1697.  Aztdmic  Acid.  C8H4N4O4.  eq.  140.  Boullay  has  given  this  Aaahnio 
name  to  an  acid  obtained  from  cyanogen  gas  that  has  undergone  spon-  *^  * 
taneous  decomposition.   It  is  insoluble  in  water,  but  is  dissolved  by  ni- 
tric acid  and  assumes  a  beautiful  aurora-red  colour.     By  heat  it  is 

*From  fiagY(^tVS  f^P^orl.  iVnmy,  Ann.de  Pharm.jx,  BO. 

t  Odorophemeic  and  ehiorophmesic  acids  have  been  obtained  from  coal-tar  by  Laa- 
rent,  by  the  action  of  chlorine,  and  were  named  from  a  supposed  base,  phene  (from 
watvm  lahine).  firom  their  supposed  existence  in  oil  gas.  Ami,  de  CMm.  ei  de  Phya, 
Izi2i.27.    For  details  see  T.  Or^.  Bodies,  129. 

I  Of  these  Thomson  describea  eight. 
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Cbap>VL  converted  into  hydrocyanate  of  ammonia,  and  a  gas  is  evolved  which 
burns  with  a  blue  flame  and  the  odour  of  cyanogen, 
lodigotic         1698.  Indigotic  Acid.    CagHTiNliO^.    This  acid  is  obtained  by 
*"  *  boiling  indigo  in  rather  dilute  nitric  acid,  formed  by  roi&ing  nitric 

acid  of  sp.  gr.  1.2  with  an  equal  weight  of  water*     To  the  solution, 
kept  boiling,  indigo,  in  coarse  powder  is  gradually  added,  as  longaa 
effervescence  continues ;  and  hot  water  is*  occasionally  added  to  sup* 
ply  loss  by  evaporation.     The  impure  indigotic  acid,  deposited  in 
cooling,  is  boiled  with  oxide  of  lead  and  filtered,  in  order  to  separate 
resin  ;  and  tbe  clear  yellow  solution  is  decomposed  by  sulphuric  acid, 
and  again  filtered  at  a  boiling  temperature.     On  cooling,  the  acid 
crystallizes  in  yellowish-white  needles.     In  order  to  purify  them 
completely,  they  were  digested  in  water  with  carbonate  of  baryta; 
and  the  indigotate  of  baryta,  deposited  from  the  hot  filtered  solution 
in  cooling,  was  dissolved  in  hot  water,  and  decomposed  by  an  acid* 
Indigotic  acid  was  thus  obtained  in    acicular  crystals,  of  snowy 
whiteness,  which  contracted  greatly  in  drying*  and  lost  their  crystal- 
line  aspect ;  but  the  dry  mass  was  dazzling  white,  and. had  a  silky 
lustre. 
Proptitieff.       1699.  Indigotic  acid  decomposes  carbonates,  but  is  a  feeble  acidy 
and  reddens  litmus  faintly.     It  requires  1000  times  its  weight  of  cold 
water  for  solution,  but  is  soluble  to  any  extent  in  hot  water  and  alco- 
hol.    Heated  in  a  tube  it  fuses,  and  sublimes  without  decomposition; 
and  the  fused  mass,  in  cooling,  crystallizes  in   six-sided   plates. 
When  heated  in  open  vessels,  it  is  inflamed,  and  bums  with  much 
smoke.* 
Carbuotie      1700.  Carhazotic  Acid.   CuNaOu,  eq.  252.    This  name  has  been 
■^>  applied  by  Liebig  to  ii  peculiar  acid  formed  by  the  action  of  nitric 

acid  on  indigo. 

It  is  made  br  diaaolving  small  fragments  of  the  best  iodiso  in  8  or  10  time* 
their  weight  of^  moderately  strong  nitric  acid,  and  boiling  as  long  as  nitrons  acid 
fumes  are  evolved.  During  the  action,  carbonic,  hydrocyanic,  and  nitrons  acidv 
are  evolved  ;  and  in  the  liquid,  besides  carbazotic  acid,  is  ibund  a  resinous  matter, 
artificial  tannin,  and  indigotic  acid.  On  cooling,  carbazotic  acid  is  freelj  depo- 
dted  in  transparent  yellow  crystals ;  and  on  eraponttng  the  residual  liquid,  and 
adding  cold  water,  an  additional  quantity  of  the  ^id  is  procured.  To  render  it 
quite  pure,  it  should  be  dissolved  in  hot  water,  and  neutralized  by  carbonate  of 

Sotassa.    As  the  liquid  cools,  carbazotate  of  potassa  crystallizes,  and  may  be  puri- 
ed  by  repeated  crystallization.    The  acid  may  be  precipitated  from  this  sak  hj 
sulphuric  acid. 

Properties,  1701.  Carbazotic  acid  is  sparingly  soluble  in  cold  water ;  bat  it  is 
dissolved  much  more  freely  by  the  aid  of  heat,  and  on  cooling  yields 
brilliant  crystalline  plates  of  a  yellow  colour.  Ether  and  alcohol 
dissolve  it  readily.  It  is  fused  and  volatilized  by  heat  without  de- 
composition ;  but  when  suddenly  exposed  to  a  strong  heat,  it  inflames 
without  explosion,  and  burns  with  a  yellow  flame,  with  a  residue  of 
charcoal.  Its  solution  has  a  bright  yellow  colour,  reddens  litmus 
paper,  is  extremely  bitter,  and  acts  like  a  strong  acid  on  metallic  ox- 
ides.    It  is  said  to  be  poisonous.t 

Salts  of.  1702.  The  salts  of  carbazotic  acid  are  for  the  most  part  crystal- 

*  From  tbe  analysis  by  Dnmas,  Thomson  considers  it  as  merely  indigo,  containins 
five  times  as  much  oxygen  as  that  pigment  does.    T.  142. 

tJour.  q/Sbwii.  810. 
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Ibsable,  of  a  yellow  colour,  and  brilliant  lustre.    They  have  the  pro-    Sect,  ii. 
perty,  when  rapidly  heated,  either  of  detonating  like  fulminating 
silver,  or  of  burning  rapidly  with  scintillations.     The  sparing  solu- 
bility of  carbazotate  of  potassa  is  the  cause  of  carbazotic  acid  being 
used  as  a  tes^  of  that  alkali/ 

1703.  Carbazotic  acid  is  generated  by  the  action  of  nitric  acid  on 
many  substances,  both  animal  and  vegetable,  especially  on  those 
which  contain  nitrogen.  The  bitter  principle,  formed  with  nitric 
acid  and  silk  by  Welter»  is  carbazotic  acid. 

Acids,  Imperfectly  Examified. 

1704.  Pectie  Acid*  C11H7O101  =  1^  eq.  Braconnol  has  given  this  Peetk  tcid. 
uame*  to  a  principle  found  in  several  plants  which  has  the  property  > 

of  being  coagulated  by  alcohol,  metallic  solutions,  the  acids,  Sec.  It 
appears  to  be  the  same  substance  previously  discovered  by  Torrey  in 
the  Tuckahoe,  Sderatium  giganteum^  a  fungus  common  in  the 
sandy  barrens  of  the  southern  states,  and  to  which  he  gave  the  name 
Sderotin,  It  is  readily  soluble  in  a  solution  of  caustic  potassa,  and 
this  solution  is  gelatinized  by  almost  every  known  body. 

1706.  Braconnot*s  process  for  obtaining  this  substance  is  as  fol-  J^JJ^ 
lows: 

If  roots  containing  starch-be  operated  upon,  suoh  as  those  of  celery  and  carrot, 
they  are  to  be  reduced  to  pulp  by  rasping,  the  juice  expressed,  tbe  residue  boiled 
IB  water,  slightly  acidified  with  hydrochloric  acid,  then  washed,  and  afterwards 
heated  with  a  very  dilute  solution  of  potassa  or  soda.  A  thick  mucilaginous 
liquid  results,  slightly  alkaline,  from  which  hydrochloric  acid  separates  the  acid  in 
the  form  of  an  abundant  jolly,  which  should  tfaen.be  well  washed. 

1706.  It  forms  a  very  soluble  salt  with  potassa,  which  may  be  ob-  Union  with 
tained  in  the  state  of  a  transparent  jelly,  by  adding  weak  alcohol,  ^ 
which  removes  tbe  excess  of  alkali  and  colouring  matter,  if  there  be 

any  present.  This  jelly  washed  00  a  cloth  with  alcoholized  water, 
pressed  and  dried,  swells  and  dissolves  in  water,  and  leaver  upon 
evaporation  a  transparent  mass,  resembling  gum  arabic.  Its  taste  is 
insipid. 

1707.  In  consequence  of  the  property  which  this  acid  has dOfgela-VM« 
tinizing  large  quantities  of  water,  it  has  been  proposed  as  a  means  of 
preparing  jellies. 

Boil  a  little  pectie  acid  in  the  quantity  of  water  which  is  to  be  converted  into 
ielly ;  dissolve  in  the  water  a  sufficient  quantity  of  sugar  previously  seasoned  by 
beinc  rubbed  over  the  skin  of  an  orange,  or  by  any  other  wished  for  seasoning, 
or  add  to  the  water  a  little  alcohol  previously  seasoned.  In  either  case  the  whole 
assumes  the  form  of  a  jelly,  the  flavour  of  which  will  of  course  depend  upon  the 
nature  of  the  seasoning  employed. 

1708.  There  is  a  substance  in  many  acid  fruits,  as  currants  and  Pectin, 
gooseberries,  which  gelatinizes.     It  has   very  intimate   connexion 
with  pectie  acid,  being*  instantly  converted  into  that  acid  by  the 
smallest  quantity  of  a  fixed  alkali*     This  substance  has  been  distin- 
guished by  Braconnot,  by  the  name  q(  pectin. 

1709.  It  may  be  obtained  from  all  fruits  by  means  of  alcohol.         Proosti. 
Mix  together  the  clear  expressed  juice  of  currantsi  with  the  equally  clear  juice 

*  From  nexT^g  eoagvhim.    Ann.  de  Chim.  xxviii.  173,  and  Boat,  Jour,  iii.  182. 
t  Torrey's  analysis  of  tbe  Tuckahoe  was  poblisbed  in  the  N.  Y.  Med.  Rep.  18i0. 
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ClMip.Ti.  of  lour  oh«met.    Peetin  falJa  down.    Decant  off  tlw  liqnid,  and  wash  th«  pedis 
"—  ^iid  water,  aa  long  aa  the  liquid  abetracta  any  colour.* 

The  analysis  of  pectic  acid  by  Regnault  gave,  carbon  42.71,  hy- 
drogen 4.73,  oxygen  62.d6.t 
Craoic  1710.  CretiM  Acid,  108.t  (T.)t   was  discovered  by  Berzelius  in 

*^'  1832,  in  the  water  of  Porla  well,  in  Sweden,  to  which  it  imparted  a 

~  yellow  coloar  and  disagreeable  taste.  On  exposure  to  the  air,  an 
ochrey  sediment  was  deposited  which  consisted  chiefly  of  crenated 
peroxide  of  iron.4 
Propertiea.  1711.  Crenic  acid  is  yellow  and  transparent.  It  has  no  odour, 
but  a  sharp  followed  by  an  astringent  taste.  When  in  solution  the 
latter  only  can  be  perceived.  When  the  solution  is  exposed  to  the 
air,  it  becomes  brown,  and  apocrenie  acid  is  formed. 

1712.  It  is  verv  soluble  in  water  and  alcohol.  Its  salts  resemble 
extracts,  and  are  insoluble  in  absolute  Alcohol,  but  become  more  and 
more  soluble  as  water  is  added.  They  become  rapidly  brown  in  the 
air,  and  apocrenates  are  formed. 

1713.  Crenic  acid  dissolves  in  nitric  acid  without  change.  Its 
salts  are  termed  crenates.  They  resemble  extracte  in  appearance, 
and  are  incapable  of  crystallizing. 

iSSr^  ^'^^^'  ^P^^^  ^cid.  132.  rr.).  This  acid  was  obtained  by  di- 
gesting the  ochre  from  Porla  well  with  potassa,  to  extract  the  crenic 
acid,  and  then  precipitating  the  acid  by  means  of  acetate  of  copper. 
The  apocrenate  of  copper  falls,  from  which  the  acid  is  separated  by 
the  actfon  of  hydrosulphuric  acid  gas,  absolute  alcohol  and  potassa. 
1715.  Apocrenie  acid  is  brown,  and  resembles  a  vegetable  ex* 
tract.  It  is  but  slightly  soluble  in  water,  from  which  it  is  precfpi- 
tated  by  sal  ammoniac. 

Inwatera.  A716.  These  acids  are  supposed  by  Berzelius  to  occur  frequently 
in  .wateri  and  he  is  of  opinion  that  the  substances  so  oAen  described 
as  existing  in  mineral  waters,  and  which  have  been  distinguished  by 
the  name  of  extractive,  in  reality  consist  of  these  acida.  He  thinln 
too  that  they  exist  abundantly  in  bog  iron-ore. 

Compound  Acids. 

Conpoond      1 117.  The  compound  acids  consist  of  a  vegetable  principle,  united 

Mida,         to  a  strong  mineral  or  vegetable  acid.     They  have  been  oivided  by 

Two  aeta.   Thomson  into  two  sets.    The  first  set  consists  of  two  atoms  of  ao 

acid,  combined  with  one  atom  of  a  base,  which  may  be  driven  off  by 

a  stronger  base.     Thev  are,  strictly  speaking,  not  acids,  but  acidu* 

lous  or  super-salts.     The  second  set  contains  hyposulphnric  acid* 

combined  with  an  organic  substance,  not  acting  the  part  of  a  baaey 

and  not  capable  of  being  expelled  by  a  stronger  base. 

AiUnonic        1718.  ilM«onicilct<2. II  2(SO,)+G4HtO+HO,  126  eq.  This  name 

,*^'         is  given  by  Magnus  to  what  was  formerly  called  nilphovinic  acid. 

It  is  formed  by  the  action  of  strong  sulphuric  acid  and  alcohol,  and 

*  Jour,  de  PhoT'  zx.  4  67.   For  other  acida  of  this  group  aee  Thomaoa,  Cftam.  Inonr, 
Axifiet,  ii.  and  O-^.  Bodiai,  U6. 

t  Jour,  de  Phar,  zziv.  301 .  t  fVom  Mftp^  afountam, 

f  For  detaila  of  the  aoalyaia  aee  T.  148.         fl  Ftam  Oitop^  ttOphur  and  alcohol. 


plays  an  mportant  jiart  in  the  ibrmation  of  ether,    ^^en  the  ingre-  ^Bct'M- 
dieDts  for  forming  >etiier  are  mixed,  and  before  heat  is  applied,  much 
of  the  acid  exists  in  the  state  of  this  acid,  and  may  be  separated  by 
neutralizing  the  mixture  with  carbonate  of  baryta,  when  an  althio- 
nate  of  baryta  is  formed  which  may  be  obtained  in  crystals. 

1719.  From  the  experiments  of  Magnus  it  seems  that  when  equal  ^P^' 
weights  of  concentrated  sulphuric  acid  and  absolute  aioohol  are  mixed,  ^j^Log. 
one  half  of  the  acid  deprives  the  other  half  of  all  its  water,  while 
every  two  atoms  of  the  anhydrous  acid  thus  formed  unites  with  G4 
HsO-f-HO  (or  alcohol).    It  is  considered  by  Thomson  as  a  bisalt,  or 

a  bisulphate  of  ether.*    It  forms  with  bases,  althionates.t 

1720.  Ethiomc  Acid.  S,0,+C4H40-|-.HO.*   This  is  one  of  the  J^* 
compound  acids,  containing  an  acid  combined  with  an  organic  suIh 
stance,  not  acting  the  part  of  a  base  and  not  capable  of  being  expelled 

by  a  stronger  base.  It  was  obtained  by  Sertuerner  by  the  action  of 
sulphuric  acid  and  alcohol.^  Soloho- 

1721.  Sulpho-n(^/Uhalic  Acid.  SaOs+CaoHT,  =  199.024  eq.  Dis- Dtp^tbalic 
covered  by  Faraday  in  1826.  "cm*! 

It  n  made  by  meldoff  naplitbaline  with  fasif  its  weight  of  itron^  mifplioric  acid,  prooeat. 
when  a  red-coloured  fiqnla  ia  formed,  which  becomea  a  cryatalhne  aoUd  in  cool- 
ing. The  maaa  ia  aoluole  in  water,  and  the  aolution  containa  a  miiture  of  aul- 
phuric  and  sulphonapbthalic  acids.  On  neutralizing  with  carbonate  of  baryta,  the 
msoluble  sulphate  suoaidea,  while  the  aolable  sulphonaphthalate  remains  m  solu- 
tion ;  and  on  decomposing  this  aalt  by  a  quantity  of  aulphuric  acid  precisely  suf- 
ficient for  precipitating  the  baryta,  pore  sulphonapbthalic  acid  ia  obttined. 

1722.  The  aqueous  solution  of  the  acid,  as  thus  formed,  reddens  I^p^i^ 
litmus  paper  powerfully,  and  has  a  bitter  acid  taste.     On  concentrat- 
ing by  heat,  the  liquid  at  last  acquires  a  brown  tint,  and  if  then  taken 

from  the  fire  becomes  solid  as  it  cools.  If  the  concentration  is  effected 
by  means  of  sulphuric  acid  in  an  exhausted  receiver,  the  acid  becomes 
a  soft  white  solid,  apparently  dry,  and  at  length  hard  and  brittle. 

Sulphonapthalic  acid  is  readily  soluble  in  water  and  alcohol,  and  Fonna 
IS  also  dissolved  by  oil  of  turpentine  and.  olive  oilf  in  proportions  de*     ^* 

gendent  on  the  quantity  of  water  which  it  contains.  By  the  aid  of 
eat  it  unites  with  naphthaline.  It  combines  with  alkaline  bases,  and 
forms  neutral  salts,  which  are  called  sulphonaphihaiaies>  All  these 
salts  are  soluble  in  water,  and  most  of  them  in  alcohol,  and  when 
exposed  to  heat  in  the  open  air,  take  fire.|| 

1723.  SulphthauUgotic  and  Hjfpo-su^hihmiigotic  Acids  are  oIh  9^^'^^ 
tained  from  indigo  dissolved  in  sulphuric  acid.    .  nm-wm 

Suiphihindigataie  of  Potassa  has  received  various  names,  as  pre* 
dpiiaied  indigo^  soluMe  indigOy  and  carmine  of  indigo,  Crum  showed 
that  it  was  a  compound  of  indigo:8od  sulphate  of  potassa.  He  gave 
the  name  of  cendin^  from  its  blue  colour,  to  the  soluble  indigo  Cenilin. 
contained  in  it,  and  that  of  ceruUo^sulphaies  to  the  salts  consisting  of 
this  substance  united  with  sulphates. 

1724.  Fomuhbmzoilic  acid  may  be  obtained  by  mixing  the  water  ^q^qUjc 
distilled  off  bitter  almonds  with  hydrochloric  acid,  and  evaporating,  add.- 

*  Organic  Bodia,  169. 

t  Photphavmie  Add  is  obtained  by  dtstilling  a  mixtore  of  phosphoric  acid  and 
aloofaol.  t  Liebig.  Sibm.  de  CMm.  et  Phy$.  xiii.  flS. 

il  The  snhrtM>-Bapbthakte  of  baryta  haa  been  found  by  Bendina  to  be  a  miztare  oT 
two  salts  dimcolt  to  separate ;  one  eontuning  solpho-naphthalic  and  the  other  hypo- 
aulplMMMphthalic  acid  t(iM>^+OiiHii.       "•''''  '<^ 
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^^''•^^  It  remains  in  crystalline  masses  mixed  with  sal  ammoniac^  from 
which  it  is  freed  by  ether,  which  dissolves  the  new  acid.  It  is  white* 
very  soluble  in  water,  has  a  strong  acid  taste,  neutralizes  bases  and 
forms  salts  with  oxides  of  silver  and  copper.  It  is'decomposed  by 
heat,  leaving  charcoal,  and  giving  out  the  odour  of  peach  blossoms. 

^^^^•_        Tbonuon  conaidera  it  a  compound  of 

'^"  1  atom  formic  acid  Cj  H  Qi 

1    '•     bydretofbenzoil  -  -        C14H1O1 

CwHi  Oi 

The  hydrocyanic  acid  and  water  of  the  bitter  almonds  ia  decompoeed  into  for- 
mio  acid  and  ammonia,  for 

1  atom  of  hydrocyanic  arad      •  C9H  N 

3    ^»         water  ...  Hs     Os 


CJsHiNOs 

1    "         formic  acid   -  -  -        C2  H      O3 

1    **         ammonia      •  •  -  Hs  N 


GtHiNOs 

This  conftitutee  an  add  formed  bv  the  cotobinatieii  of  two  oraanic  bodies  pos- 
ing the  characters  of  acida,  ana  capable  of  being  formed  a^pieaiiue.* 


Section  III.     Cyanogen  and  its  Compounds. 

Cyanogen,  1725.  Cyanogen  is  considered  by  Liebig  as  a  compound  radical, 
p^D^'rad-  ^"^  ^'  '"^^  uniting  with  oxygen,  hydrogen,  and  most  other  nou- 
im1.  metallic  elements,  and  also  with  the  metals ;  many  of  the  latter  being 

similar  to  haloid  salts,  while  others  possess  a  very  different  character. 
In  describing  the  compounds  of  cyanogen,!  it  will  be  necessary  to 
employ  nev/  terms,  and  refer  to  several  substances  which  have  not 
been  described  in  the  foregoing  pages,  a  brief  account  of  them  is 
therefore  introduced  in  this  place. 
>l«l^*  1726.  Mellon,  CsS^,  eq.  =93.32,1  is  a  yellow  powder,  insoluble  in 

water,  alcohol,  and  dilute  hydrochloric  and  sulphuric  acids,  but  solu- 
ble with  decomposition  in  nitric  acid  and  the  caustic  fixed  alkalies, 
decomposable  by  a  strong  heat,  into  three  vols,  cyanogen,  and  one 
vol.  nitrogen  gas.  It  unites  with  potassium  forming  mellonuret  of 
potassium,  with  hydrogen  forming  hydromellonic  acid.^  Discovered 
by  Liebig,  and  considered  by  him  a  compound  radical. 

It  is  obtained  when  dry  sulphoHcyanogen  is  heated  in  a  retort  to 
redness,  the  products  of  the  decomposition  being  sulphuret  of  carbon, 
sulphur  and  mellon. 

1727.  Melamin^  G«N«H«,  eq.  =121.62,  is  a  saline  base  discovered 
bv  Liebig,  being  a  product  of  the  decomposition  of  melam  (1729)  by 
alkalies  and  dilute  acids.  It  crystallizes  in  colourless  or  slightly  yellow 
rhombic  octohedrons,  transparent,  anhydrous,  sparingly  soluble  in 

*  T.  Organic  Bodiett  206. 

t  These  compooods  oonatitnte  the  Second  Series  of  Ijebig.  For  details,  see  Thorn- 
SOD,  Org.  Bothetf  TSS,  and  Liebig,  Org.  Qum.  766. 

t  The  formulas  are  those  of  Liebig. 

I  By  dissolTiog  mellonaret  of  potaaaiom  in  boiling  water  and  adding  hydrochloric, 
snlpharic,  or  nitric  acid,  hydromelloDiQ  acid  is  obtained.  It  is  decomposed  by  metai- 
lie  oxides.    See  L.  796. 


Oblafflad. 


cold  but  pretty  freely  in  .boiling  wateri  insolable  in.  alcohol  and  ether,  ^•f^  m- 
It  fuses  when  heated,  and  sublimes,  partially  decomposed  into  melloo 
and.ammonia.  Decomposed  by  concentrated  nitric  acid  and  sulphu- 
ric acid  with  the  aid  of  heat  into  ammooiaand  ammelid  or  ammelin ; 
fused  with  bydrate  of.  potassa,  the  elements  of.  3  eq.  of  water  add 
themselves  to  its  constituents  and  form  6  eq.  of  ammonia,  which  are 
evolved,  and  3  eq.  cyanate  of  potassa  are  left. 

.1728.  Mdamin  combines  with  dilute  acids  to  crystallizable  salts,  Combina- 
all  of  which  have  an  acid  reaction,  excepting  the  double  salts.  The  ^^  ^'* 
acetate  and  formate  of  melamin  are  very  soluble ;  it  precipitates 
magnesia  from  hot  solutions  of  its  salts,  owing  to  the  formation  of  a 
double  salt.  Melamin  combines  directly  with  the  anhydrous  hydra- 
cids,  all  its  salts  with  the  oxapids  correspond  to  the  ammoniacal  salt 
in  containing  an  equiv.  of  water,  without  which  they  cannot  exist; 
it  forms  double  basic  salts  in  which  this  equiv.  of  water  is  i^eplaced 
by  .a  metallic  oxide. 

1729.  Melam.  GuNuHg,  eq.  =  238.09.   This  ]iroduct  of  the  de-  Blelam. 
composition  :0f  sulphocyanpret  of  ammonium,  was  also  discovered  by 
Liebig.     When  the  sulphocyanuret  of  ammonium,  or  a  mixture  of 

two  parts  of  sal  ammoniac  and  one  of  sulphocyanuret  of  potassium 
are  heated  to  the  point  of  fusion  of  the  latter,  the  sulphocyanuret  of 
ammonium  is  decomposed  into  three  gaseous  and  one  solid  product. 
The  former.are  ammonia,  hydrosulphuric  acid,  and  the  sulphuret  of 
carbon;  the  latter  is  melam,  which  is  left  in  the  retort  mixed  with 
chloride  of  potassium,  and  is  separated  by  washing  with  water. 

1730.  It  is  a  .white  powder,  insoluble  in  water,  alcohol  and  ether ;  Properties, 
but  dissolved  by  hot  potassa,  a  part  being  decomposed,  but  another 
portion  is  deposited  again  unchanged  as  the  solution  cools.    It  is  also 
soluble  in  hot  concentrated  sulphuric  and  nitric  acids,  from  which  alco- 
hol and  water  throw  down  ammelid.    If  the  solution  in  these  acids  Solaticms 
be  boiled,  it  is  completely  converted  into  cyanuric  acid. and  ammonia ;  ij|^to^^!^0' 
1  eq.  melam  and  12  eq.  water,  contain  the  elements  of  2  eq.  of  cya-  nc  acul. 
nuric  acid  and  5  eq.  ammonia.     It  is  dissolved  in  hydrochloric  and 

dilute  nitric  acids  aqd  potassa  with  the  formation  of  ..ammelin  and 
melamin  ;  fused  with  hydrate  of  potassa,  ammonia  is  evolved,  and 
cyanate  of  potassa  produced  ;  and  with  potassium  the  mellonuret  of 
potassium  is  formed.  When  heated,  it  decomposes  into  mellon  and 
ammonia. 

1731.  On  heating  8  eq.  sulphocyanuret  of  ammonium,  tbey  are  Erplwia- 
decomposed  into  1  eq.  melam,  10  eq.  ammonia,  4  eq.  sulphuret  of 
carbon,  and  8  eq.  of  hydrosulphuric  acid  ;  1  eq.  of  melam,  on  being 
fused  with  6  eq.  of  hydrate  oi  potassa,  give  rise,  by  the  addition  of 

the  elements  of  6  eq.  water,  to  6  eq.  cyanate  potassa  and  5  eq.  am- 
monia. By  long  application  of  heat  to  melam  in  caustic  potassa,  it  is 
decomposed,  together  with  2  eq.  of  water,  into:  1  eg.  melamin  and  1 
eq.  ammelin.  Melam  is  converted  into  ammelid  by  the  addition  of 
the  elements  of  6  eq.  water,  which  form  1  eq.  ammelid  and  2  eq. 
ammonia. 

1722.  Ammelin,    GeNsHsOi,  eq.  =128.47.    A  saline  base,  disco- AidiimUd, 
vered  by  Liebig.   A  product  of  the  decomposition  of  melam  and  mela- 
min by  acids  and  alkalies.   It  is  precipitated  from  the  alkaline  solution 
from  which  melamin  is  deposited,  by  neutralization  with  acetic  acid. 
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It  is  white,  insoluble  in  alcohol  and  ether,  solable  incanstic 
yields  by  distillation  a  crystalline  sublimate  and  ammonia,  with  a  resi- 
due of  pure  mellon.  £ly  long  boiling  in  dilute  acids,  or  on  being 
dissolved  in  concentrated  sulphoric  acid,  it  is  decomposed  by  the  ad- 
dition of  1  eq.  of  water,  into  ammonia  and  ammelid.  By  fusion 
with  caustic  potassa  1  eq.  of  water  is  decomposed,  and  it  is  coniwrted 
inlo  ammonia  and  cyanate  of  potassa. 

1733.  Ammelin  is  a  weak  salifiable  base,  and  forms  only  with  the 
strong,  and  not  wiih  the  organic  acids,  crystallizable  salts,  which 
have  an  acid  reaction,  and  are  partially  decomposed  by  water  with 
the  deposition  of  ammelin.  The  salts  of  ammelin  with  the  oxacids 
contain,  like  the  ammonia  salts^  1  eq  of  water,  without  which  they 
cannot  exist ;  the  double  salts  are  anhydrous. 

1734.  Nitrate  of  ammelin  crystallizes  in  large  broad  plates,  or  in 
long  quadrangular  prisms.  When  heated  it  fuses  and  ammelid  is 
left,  nitric  acid  and  the  products  of  the  decomposition  of  nitrate  of 
ammonia  are  evolved. 

1735.  Ammelid.  CitNeH^Oe,  eq.  =267.79.  A  product  of  the  de- 
composition of  melam,  melamin,  and  ammelin  by  concentrated  acids. 
It  is  a  whit^  powder,  insoluble  in  water,  alcohol,  and  ether,  but  soluble 
in  alkalies  and  strong  acids ;  by  continued  boiling  in  dilute  nitric  or 
sulphuric  acid  it  is  decomposed  into  cyanuric  acid  and  ammonia,    l. 

1736.  Liebig  has  given  the  following  explanation  of  the  basic 
qualities  of  melamin,  ammelin,  and  ammelid,  and  of  their  connexion 
with  ammelid  and  cyanuric  acid.  It  is  assumed  that  these  substances 
contain  the  same  radical  as  cyanuric  acid,  together  with  a  com- 
pound of  nitrogen  and  hydrogen,  which  is  composed  of  equal 
vols,  of  these  elements,  and  which  are  supposed  to  be  denoted  by  the 
symbol  2M=HN;  the  compounds  may  then  be  represented  in  the 
following  form : 

CraDuric  acid        -  -  -  Cys  0«         +  Ha 

Melamin  ...  Cys  Mi        +  Hs 

Ammelin   ....  Cy^  M4  Os  +  Hs 

Ammelid  ....  Cys  Ms  Os  +  Hs 

Cyanuric  acid        -  -  -  CysQsOs-fHs 

1737.  The  cyanuric  acid  is,  as  may  be  seen,  both  the  commence- 
ment and  termination  of  the  series  ;  in  melamin,  the  6  eq.  of  oxygen 
are  replaced  by  6M(N8H8),  and  in  ammelin  4  eq.  by  4M;  both  of 
them  are  saline  bases.  The  ammelid  has  no  basic  properties,  end  in 
it  one  half  of  the  oxygen  of  the  cyanuric  acid  is  replaced  foy  3M,  and 
by  the  further  removal  of  all  M  cyanuric  acid  is  again  produced. 
The  basic  properties  of  these  bodies  decrease  as  the  quantity  of  oxy- 
gen which  combines  with  the  radical  is  increased. 

I73S.  The  cyanuric  acid  may  be  compared  with  the  phosphoric 
acid,  and  melamin  with  phosphuretted  hydrogen  or  ammonia ;  am- 
melin and  melamin  enter  into  direct  combination  with  the  hydracids 
and  without  the  intervention  of  water,  but  with  the  oxacids  only  by 
the  intervention  of  1  eq.  of  water,  which  must  be  in  the  same  state 
of  combination  as  in  the  ammoniacal  salts,     l.  803. 

Cyanogen  and  Orygen, 

1739.  Cyamc  Acid.  0^0,26.39 1  eo.  cy.  -f  8 1  eq.  oxy.  :=  MOB 
equiv.    This  acid  was  discovered  by  Wohler,  and  is  formed  when 


} 
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eyanogvii  if  tTBOsmitted  over  carbonate  of  potassa  at  a  red  heat,  or  g<et.m» 
into  an  alkaline  solution ;  by  exposing  compounds  of  cyanogen  at  a 
red  beat  to  tbe  ^lion  of  the  air,  of  nitre,  or  of  peroxide  of  manga- 
nese ;  by  ftiaing  ammelin,  melamin,  or  aoHnelid  with  hydrste  of 
potassa ;  it  is  a  frequent  product  of  the  decomposition  of  compounds 
of  nitrogen.    It  is  not  known  in  the  anhydrous  state. 

Obtained  as  hydrate,  by  distilling  dcy  cyanuric  acid  or  cy&melide*  Obtained, 
in  a  retort,  when  the  latter  is  converted  into  hydrate  of  cyanic  acid, 
which  must  be  collected  in  a  receiver  well  cooled  by  ke. 

1740.  A  clear  transparent  fluid  of  a  strong  penetrating  odour,  Piopertiei, 
similar  to  that  of  acetic  or  formic  acid,  exceedingly  volatile,  and 
causes  blisters  on  the  skin,  which  are  accompanied  by  great  pain. 
Mixes  readily  with  water.  Decomposes  with  the  production  of  great 
heat  shortly  after  its  formation  into  a  white  solid  of  tbe  same  com- 
position per  cent,  (cyamelide)  ;t  its  aqueous  solution  reddens  vege* 
table  colours  strongly ;  it  decomposes  in  the  course  of  a  few  minutes, 
together  with  2  eq.  of  water,  into  bicarbonate  of  ammonia ; 

Hydrated  cyanic  acid  =  C^NO+HO  )  ^  (  2  eq.  carb.  acid  =  2C0i 

Two  eq.  water  =  2HO  )      (  1  eq.  ammonia  =  NHs 


CtS    HsO«  CaNHaO* 

1741.  This  acid  forms  only  one  series  of  salts  with  the  bases ;  Fbnn* 
they  are  readily  recognised  by  the  peculiar  decomposition  produced     ^' 
by  dilute  mineral  acids.     A  few  moments  after  mixing  the  salt  with 

the  acid,  a  rapid  effervescence,  accompanied  by  the  strong  penetrat* 
ing  odour  of  cyanic  acid,  is  observed,  and  the  solution  by  being  mixed 
with  hydrate  of  lime  evolves  ammonia  abundantly,  which  previous 
to  the  decomposition  cannot  be  detected.  Its  salts  with  the  alkaline 
bases  and  with  ammonia  are  soluble,  the  others  are  insoluble  ;  the 
former,  with  the  exception  of  the  ammoniacal  salt,  are  decomposed, 
when  their  solutions  are  boiled,  into  ammonia  and  carbonates. 

1742.  Cyanates  of  Ammonia.     Cyanic  acid  forms  with  ammonia  Cyanatetof 
two  compounds,  one  of  which  is  particularly  remarkable  from  its  amoooia. 
identity  with  urea. 

1.  Basic  Cyanaie  of  Ammonia.  When  dry  ammoniacal  gas  and  the  g^^      , 
vapour  of  hydrated  cyanic  acid  are  simultaneously  conducted  into  a  nate  of  am- 
dry  vessel,  they  unite,  forming  a  white  woolly  crystalline  compound,  mooiBi 
which  contains  more  ammonia  than  corresponds  to  the  constitution 

of  a  neutral  cyanate.  It  is  similar  in  all  its  properties  to  any  other 
salt  of  cyanic  acid ;  treated  with  an  acid  it  is  decomposed  with  effer- 
vescence, and  alkalies  effect  the  evolution  of  ammonia ;  but  if  on  the 
contrary  it  be  gently  warmed,  whether  dry  or  in  solution,  or  if  it  be 
left  for  some  time  exposed  to  the  air,  ammonia  is  given  off,  it  loses 
all  the  above-mentioned  properties,  and  is  converted  into  urea. 

2.  Anomalous  Cyanate  of  Ammonia  ;  Urea.     Discovered  by  Fouc- Urea, 
croy  and  Vauquelin  in  urine,  by  Wohler  as  the  first  organic  compound 

*  IruohMe  Cjfanteric  Add  (ir67). 

t  This  decomposition  with  water  is  the  cause  of  the  impossibility  of  obtaining  the  fiee 
mad  fitxn  the  aqueous  solutions  of  its  salts  by  the  action  of  a  stronger  acid,  although 
m  small  quantity,  as  may  readily  be  recognised  by  tbe  peculiar  odour  which  aocompa- 
nics  the  caibonic  acid  e?oLf  ed,  does  escape. 
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Cyanogen  and  iti  Compounds. 


Another, 


Ctop.  VI.  artificially  produced.    It  is  a  constituent  of  uric  acid,  and  is  coti' 
tained  in  the  urine  in  combination  with  lactic  acid.*  It  is  obtained, 

ProeeM,  1743.  By  mixing  freth  urine  evaporated  to  tbe  connstence  of  a  syrup  at  a 

^ntie  heat,  which  should  uever  reach  that  of  ebullition,  when  quite  void,  with 
Its  own  volume  of  colourless  nitric  acid  of  sp.  gr«  s=  1.42,  If  the  evaporation  bam 
been  carried  sufficiently  tar,  the  whole  will  form  a  thick  crystalline  mass;  to  en- 
sure this,  a  small  portion  of  the  urine  should  be  tried  from  time  to  time.  The 
crystalline  mass  consists  of  a  compound  of  nitric  acid  and  urea,  which  is  sparin^y 
soluble  in  nitric  acid.t 

The  impure  crystals  of  nitrate  of  urea  are  to  be  carefully  washed 
with  dilute  nitric  acid,'  strongly  pressed  between  folds  of  bibulous 
paper,  dried  upon  a  porous  tile,  and  redissolred  in  warm  water ;  the 
solution,  after  being  freed  of  its  colour  by  recently  prepared  charcoal, 
is  evaporated  to  crptallize. 

A  solution  of  the  colourless  crystals  of  the  nitrate  of  urea  is  treated  with  car^ 
bonate  of  baryta  until  it  is  rendered  perfectly  neutral ;  on  evaporating,  crystals  of 
nitrate  of  baryta,  and  then  of  urea,  will  be  obtained.  The  ciystals  of  the  latter, 
by  being  redissolved  in  a  little  cold  water,  are  freed  from  the  last  portions  of  the 
nitrate  of  baryta ;  the  solution  in  alcohol  give*  Crystals  of  pure  urea.t 

1744.  Instead  of  using  nitric  acid,  the  concentrated  urine  may  be 
added  to  a  boiling  saturated  solution  of  oxalic  acid,  when  the  spar- 
ingly soluble  oxalate  of  urea  falls,  which,  after  being  deprived  of  ita 
colour  by  charcoal,  may  be  decomposed  into  the  insoluble  oxalate  of 
lime  and  pure  urea,  by  being  digested  with  pounded  chalM  It  can 
also  be  prepared  by  the  decomposition  of  the  cyanate  of  oxide  of  sil- 
ver by  sal-ammoniac,  or  of  the  cyanate  of  oxide  of  lead  by  pure  or 
carbonate  of  ammonia. 
Properties.  1745.  Crystallizes  in  colourless,  transparent,  four-sided,  somewhat 
flattened  prisms  of  the  sp.  gr.  1.35,  is  soluble  in  its  own  weight 
of  cold,  and  in  every  proportion  in  hot  water,  in  4.5  parts  of  cold, 
and  in  2  parts  of  boiling  alcohol :  the  aqueous  solution  has  a  cooling 
bitter  taste  like  nitre  ;  when  pure  it  is  perfectly  permanent  in  the  air, 
is  not  deliquescent,  fuses  at  250°  into  a  coburless  liquid,  is  decoai- 
posed  by  a  higher  temperature  into  ammonia,  cyanate  of  ammonia, 
and  dry  solid  cyanuric  acid.  Alkalies  do  not  cause  the  separation  of 
ammonia  in  the  cold. 

1746.  Unites  with  several  acids  without  decomposition  to  crystal- 
lizable  saline  compounds  :  by  evaporating  its  solution  with  nitrate  of 
silver  or  acetate  of  lead  it  is  decomposed  ;  the  products  being,  with 
the  first,  nitrate  of  ammonia  and  crystalline  cyanate  of  silver;  with 
the  second,  acetate  of  ammonia  and  carbonate  of  lead.  With  hypo- 
nitrous  acid  it  is  instantly  decomposed  into  nitrogen  and  carbonic 
acid  gases,  which  are  evolved  in  equal  volumes ;  with  chlorine  it 
forms  hydrochloric  acid,  nitrogen  and  carbonic  acid.  When  fused 
with  the  hydraled  alkalies,  or  heated  in  concentrated  sulphuric  acid, 
it  is  decomposed  together  with  the  constituents  of  3  eq.  of  water  into 
carbonic  acid  and  ammonia.  Urea  contains  the  elements  of  cyanate 
ofamm  onia  (NH^O-f-CiNO) ;  it  may  also  be  considered,  according 

♦  Henry. 

CtatiM.  t  Since  the  urine  contains  metallic  chlorides,  which  with  tbe  nitric  add  by  the  ajd 

of  heat  are  decomposed,  and  give  rise  to  the  production  of  chlorine  and  nitrous  acid, 
both  of  which  act  powerfolly  in  destroying  area,  all  increase  of  temperature  must  be 
most  carefully  avoided.  t  WoEler.  §  Berxeliue. 


Com- 
pounds, 

Ilecom* 
posed. 


to  Dttflias,  at  a  «eeoiid  comfwuiid  of  carbonic  oxide  and  amide,*  in    t^cuUL 
wbick  the  quaoiity  of  the  latter  is  double  that  in  oxamide  GtO^f- 

2NH^ 

1747.  Nitrate  of  Urea.    This  compound,  when  recendy  precipi-  Nitnu  of 

tated  from  urinei  appears  in  the  form  of  fine  crystalline  platss  of  a  ^"^- 
hrown  colour  and  mother-of-pearl  lustre ;  the  purer  they  aie*  the 
more  they  lose  this  appearance ;  a  solution  of  pure  urea  treated  with 
nitric  acid  gives  a  granular  white  crystalline  precipitate,  which  is 
soluble  in  8  parts  of  cold,  but  more  freely  in  hot  water,  from  which 
it  crystallizes  in  broad,  scarcely  translucent  plates ;  is  sparingly  so- 
luble in  nitric  acid,  with  which  it  may  be  boiled  without  decomposi- 
tion.   Is  composed  of  I  eq.  of  nitric  acid,  1  of  urea,  and  1  of  water.t 

1748.  Cyanate  of  Potassa.    KOCyO;  eq.  =81.54     By  roasting  Cy"*««  »f 
at  a  red  heat  dry  ferrocyanuret  of  potassium  in  fine  powder  upon  an  ^ 

^on  plate,  the  powder  being  constantly  stirred ;  the  eyanuret  of  po- 
tassium contained  iu  the  salt  is  thus  converted,  by  absorbing  the  ox- 
ygen  of  the  air,  into  cyanate  of  potassa.  As  soon  as  it  is  baked 
into  one  mass,  owing  to  the  fusion  of  the  cyanate  of  potassa  forming, 
it  must  be  reduced  to  a  fine  powder  and  digested  in  boiling  alcohol, 
from  which,  as  the  solution  cools,  crystals  of  the  cyanate  are  depo- 
sited. 

A  laixtore  of  two  paits  of  ferrocytturet  of  polaniiisi,  sad  one  of  peroxide  of  Pv^^^c^sb. 
mancaneoe,  may  be  treated  in  the  same  way.  Thia  mixture  may  be  kindled  by  a 
red-hot  body,  when  it  moulders  away  into  a  brown  mass  which  contains  cya- 
nate of  potasflA,  carbonate  of  ^tassa,  and  sesquioxide  of  manganese.  This  salt  may 
also  be  procured  of  gnat  punty,  but  not  so  economically,  by  fusinc  the  hydrate  of 
potassa  in  a  silver  vessel,  and  adding  meUun,  ammelin,  or  ammeud  in  sncceesive 
portions  as  long  as  they  are  dissolved ',  the  fused  transparent  mass  congeals,  on 
cooling,  to  a  pure  crystalline  cyanate  of  potassa. 

1749.  Crystallizes  from  the  alcoholic  solution  in  transparent  an-  Pwpertist 
hydrous  plates,  which  closely  resemble  chlorate  of  potassa,  but  by 
exposure  to  a  moist  air  are  gradually  converted,  without  any  change 

of  form,  into  bicarbonate  of  potassa,  while  ammonia  is  evolved*  It 
is  dissolved  by  cold  water,  in  which  it  decomposes  into  bicarbonate  of 
potassa  and  ammonia ;  a  change  accelerated  by  heat.  Fuses  at  a  high 
temperature  without  loss  of  weight  to  a  clear  liquid,  which^  upon 
cooling,  forms  an  opaque  crystalline  mass.  If  a  concentrated  solu- 
tion be  partially  decomposed  by  acetic  acid*  or  a  dilute  mineral  acid, 
the  acid  eyanuret  of  potassa  is  precipitated. 

1750.  Uyanates  of  oxides  of  stiver  and  lead^    AgOCyO,  and  Sdw  rf***^ 
PbOCyO,  are  white  anhydrous  salts,  which  are  insoluble  in  water,  silrer and 
and  are  obtained  by  precipitating  the  cyanate  of  potassa  by  a  neutral  '^^* 

salt  of  lead  or  silver.  Both  consist  of  an  eq.  of  acid  and  one  of  me- 
tallic oxide ;  the  silver  salt  is  soluble  in  ammonia,  with  which  it 

'  forms  a  white  crystalline  compound,  but  by  heat  the  ammonia  is  Products  of 
again  evolved,  and  the  pure  cyanate  of  silver  remains ;  decomposed  ^^|^^|^, 

.  by  heat  when  dry,  with  a  slight  explosion,  into  cyanic  acid,  caAonic 
acid,  nitrogen  and  dicyanuret  of  silver. 

1751.  FtdmhUc  And,  CyA ;  eq.  =  6a78,  the  constituent  of  the  ^j^^ 
fulminating  silver  and  mercury  discovered  by  Howard.  " 

*ThiB  term  has  been  already  explained  (IS63).  '*  It  si^ifies  an  anhydrous  ammo- 
njaeat  salt,  deprived  (if  an  expresiiion  apparently  coutradictory  may  be  allowed)  ^aa 
atom  of  water."    T.  690.  tRemauit. 

51 


w2  Cyanogen  and  dmpounds. 

chai>.vt.  This  acid  is  formed  when  nitrate  of  silver  or  protoxide  of  mercury, 
Prepan-  with  an  excess  of  nitric  acid,  is  boiled  in  alcohol ;  aldehyd^  with  ni- 
tioB,  trie  ether  is  evolved,  and  a  white  crystalline  precipitate,  the  fulmi- 

nate of  silver  or  mercury,  is  deposited  from  the  hot  solution.  By 
the  action  of  the  nitric  acid  upon  the  alcohol,  hyponitrous  acid  on 
the  one  hand,  and  aldehyd  and  oxalic  acid  on  the  other,  are  pro- 
duced. The  presence  of  the  oxide  of  silver  or  mercury,  effects  a  re- 
action between  two  eq.  of  hyponitrous  acid  and  one  of  ether  in  the 
alcohol,  by  which  they  are  converted  into  water  and  fulminic  acid. 

2  eq.  hyponitrous  acid.  £ther.  Fulminic  acid.  Water. 

NjO^  +  C4H5O     =     N2C4O,        +      2HO 

1752.  If  a  stream  of  hyponitrous  acid  vapour  be  conducted  into  a 
solution  of  nitrate  of  silver  in  alcohol,  a  copious  precipitate  of  fulmi- 
nate of  silver  is  instantly  formed. 
Piopeniet.  This  is  a  bibasic  acid;  it  cannot  be  obtained  in  a  free  state  from 
any  of  its  salts,  being  decomposed  at  the  moment  of  its  separation  by 
any  other  acid  into  hydrocyanic  acid  and  a  new  product. 
Folmi-  1753.  PidmiTuttes.     The  salts  of  fulminic  acid  contain  either  2 

nates.        atoms  of  a  fixed  base  (neutral  salts)  or  1  atom  of  a  fixed  base  and  1 
atom  of  water  (acid  salts). t    If,  as  Liebig  supposes,  the  salts  are 
considered  as  compounds  of  metals  with  certain  radicals,  which 
arise  from  the  union  of  the  oxygen  of  the  base  with  the  constituents 
of  the  anhydrous  acid  ;  when  it  so  happens  that  the  affinity  of  the 
metal  for  the  oxygen  with  which  it  is  united  predominates,  it  is  im- 
possible that  the  radical  should  be  formed,  or,  what  is  the  same  thing, 
that  its  4ecompo8ition  must  follow  whenever  an  attempt  is  made  to 
separate  a  metallic  oxide,  which  is  easily  reduced,  by  one  holding  its 
oxygen  by  a  powerful  afiSnity. 
Miiun»t«       1754.  Fulminate  of  Protoxide  of  Mercury,  2HgO,CygOt ;  eq.  = 
ideof mer-  488.78,  discovered  by  Howard,  is  prepared  by  dissolving  1  part  of 
cary.  mercury  in  12  parts  of  nitric  acid  of  sp.  gr.  1.36^  and  adding  to  the 

Process,  solution  11  parts  of  alcohol  of  80 — 85  per  cent. ;  the  mixture  roust 
be  heated  in  a  water-bath.  The  fluid  soon  enters  into  powerful  che- 
mical action  ;  metallic  mercury  is  precipitated,  and  nitric  ether  va- 
pours evolved,  the  latter  carrying  off  along  with  them  a  considerable 
portion  of  the  former ;  after  a  short  time,  hard  opaque  crystals  of 
fulminate  of  mercury  are  deposited.  These  are  carefully  washed 
and  dried  at  common  temperatures  on  paper.  It  is  freed  from  the 
admixture  of  metallic  mercury  by  being  re-dissolved  in  boiling  water, 
from  which  it  is  deposited  in  white  fine  acicular  crystals  of  a  soft 
silky  appearance.     Explodes  with  great  violence  when  struck  or 

« 

*  Aldehyd,  from  aJUxihoL  dehydratuM  ;  a  remarkable  snhstaoee  obtained  from  alcohol, 
it  is  a  colourless  liquid,  very  Tolatile,  with  a  peculiar  etberial  and  penetrating  odonr. 

t  The  two  atoms  of  fixed  base  must  either  be  two  atoms  of  the  same  or  of  two  dif- 
ferent metallic  oxides,  which  are  readily  reduced,  (2  eq.  of  CuO,  S  of  H^,  2  of  AgO, 
or  1  eq.  of  CuO  and  i  eq.  of  AgO,  &c.)  or  1  eq.  of  an  easily  reduced  onde  with  1  eo. 
of  an  alkali,  (I  eq.  AgO  and  1  eq.  KO  or  BaO,  or  HOZoO,  d&c.)  Fnhninates  with 
two  atoms  of  a  diflScultly  redocea  metallic  oxide  cannot  be  obtained.  From  this  it 
follows  that  when  a  salt  of  the  first  class, — such,  therefore,  as  contain  2  ea.  of  oxides 
of  silrer,  mercurjr,  or  copper,— are  brought  into  contact  with  an  alkali,  onnr  one  half 
of  the  metallic  oxide  is  replaced  by  its  equivalent  of  the  alkali^  the  other  hsJf  remains 
in  the  new  compound.  This  remarkable  property  leems  to  mdicate  a  mo|p  intimate 
connexion  between  the  acid  aad  the  oxygcfn  of  the  metallic  oxide  which  is  oombined 
with  it,  than  is  usually  considered  to  exist,    L.  761. 
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rubbed  between  two  hard  substances ;  placed  od  a  red-hot  coal,  it  Ucx.  iii» 
bums  with  a  slight  explosion  and  a  blue  flame. 

176^,  It  is  used  for  firing  percussion  guns :  for  this  purpose,  10  Use. 
parts  of  the  salt  are  reduced  to  a  fine  powder  by  rubbing  it  with  a 
wooden  pestle  on  a  marble  slab  with  30  parts  of  water  ;  and  this, 
when  mixed  with  6  parts'  of  nitre,  forms  a  paste,  with  which  tlie  cop- 
per caps  are  filled.  ^ 

1756.  Fulminate  of  Silver,   2AgO-}"Cy20j|.   Prepared  by  dissolv-  Poiminate 
ing  1  part  of  silrer  in  10  of  nitric  acid  of  sp.  gr.  1.36 — 1.38  at  a  gen-  of  lilrer. 
tie  heat,  adding  the  mixture  to  20  parts  of  alcohol  of  86  to  90  per  Procea. 
cent.,  and  heating  the  mixture  gently ;  as  soon  as  the  fluid  begins  to 

boil,  it  is  removed  from  the  fire,  and  placed  aside  to  cool.  The  solu- 
tion loses  its  transparency,  and  deposits  the  fulminate  of  silver  in 
fine  acicular  crystals  of  a  snow-white  colour  and  of  great  lustre ; 
when  washed  and  dried,  their  weight  should  equal  that  of  the 
silver  used. 

1757.  The  fulminate  of  silver  is  sparingly  soluble  in  cold,  but  properties, 
perfectly  soluble  in  36  parts  of  boiling  water ;  is  not  decomposed  by 

nitric  acid  ;  more  readily  exploded  than  the  mercurial  salt  by  fric- 
tion, a  blow,  or  by  contact  with  concentrated  sulphuric  acid.  Caus- 
tic alkalies  separate  half  the  silver  as  oxide,  chloride  of  barium  or 
potassium,  as  chloride ;  crystalline  salts  with  two  bases  are  obtained, 
from  which  the  acid  fulminate  of  silver  may  be  separated  by  nitric 
acid ;  the  latter  salt  may  be  obtained  in  crystals,  and  is  more  soluble 
than  the  neutral  fulminate  of  silver. 

1758.  FulmifuUe  of  Copper,  SCuOfCygOa,  is  prepared  by  digesting  Folmmate 
the  fulminates  of  silver  or  mercury  with  metallic  copper.  It  may  be  of  copper, 
obtained  in  green  crystals,  which  are  very  soluble,  and  explode  with 

a  green  flame. 

1759.  Fulminate  of  Zinc  is  obtained,  according  to  E.  Davy,,  by  di-  Fulmtmts 
gesting  the  fulminate  of  mercury  with  metallic  zinc.     From  the  of  linc. 
solution,   which  no  longer  contains  a  trace  of  mercury,  baryta 
precipitates  half  the   zinc,  and  the  fulminate  of  zinc  and  baryta 

n^Q  >  CyaOa  is  obtained ;  from  this  the  baryta  may  be  precipita- 
ted by  free  sulphuric  acid,  and  the  acid  fulminate  of  zinc  remains 
in  solution,  which  has  been  described  by  E.  Davy  as  pure  fulminic 
acid,  but  the  presence  of  the  zinc  may  be  shown  after  the  decompo- 
sition of  the  fulminic  acid  by  the  sulphuret  of  ammonium  and  the 
known  reagents.* 

1760.  Hydro-chhro'Cyanic  Acid,  is  the  product  of  the  decomposi-  Hydro- 
tion  of  fulminate  of  silver  by  hydrochloric  acid>     This  substance  has  chioKM;ya- 
a  biting  but  sweetish  acid  taste,  does  not  precipitate  silver  salts,  and  <^eacid. 
is  decomposed  by  heat  into  carbonate  of  ammonia  and  other  new 
products.     It  contains  5  eq.  of  chlorine,  and  its  constitution  is  most 
probably  represented  by  the  formula  GaNCls-j-Hs. 

1761.  Cyanurie  Acid,     Described  byScheele  as  pyrouric  acid,by  Cjamuk 
Serullas  as  cyanure,  but  its  nature  was  first  pointed  out  by  Wohler  acid, 
and  Liebig. 

*  On  the  preperatioa  of  this  acid,  see  Fehling  in  Land,  and  Edin.  PhUot.  Jour. 
July,  1839. 
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cto|».  YL  It  is  a  prodaet  of  the  deoonipoBitioo  of  the  solid  chlondo  of  cyano- 
gen by  water,  of  the  soluble  cyanotes  by  dilate  acids  (acetic,  dec.),  of 
urea  fy  beat,  of  uric  acid  by  the  destructire  distillatioo,  and  of  me- 
lam,  melamin,  ammriid,  and  ammelin  by  acids. 

Proeets.  It  is  best  prepved  by  diMoMiig  dry  melam  in  stroBC  Mdphurie  add,  by  aid  of 

a  gaaUe  heat,  tbrowing  tbeaolotion  into  20—^  pailscw  water ;  tbe  mixture  nraal 
be  kept  for  leveral  days  at  near  iti  boiling  heat,  until  upon  trial  it  bo  lonm  give* 
a  white  precipitate  ¥nth  ammonia,  when  tbe  solution  may  be  evaporatea  to  crya- 
tallisee ;  the  cryatali  should  be  purified  by  a  second  crystallization.  Or  it  may 
be  made  by  heating  urea  beyond  its  point  of  finioii,  until  it  ia  oonTerted  with  tM 
eiroiution  of  ammonia  into  a  white  or  ^yish^white  dry  maai ;  this,  must  then  be 
disaoWed  in  concentnOad  sulphuric  acid,  the  solution  treated  with  nitno  acid 
added  drop  by  drop  until  it  becomes  colourless,  and  then  added  to  an  equal  vo- 
lume of  vrater ;  when  cold,  crystals  of  pure  C3ranuric  acid  are  deposited. 

Bxplana-         1762.  By  dissolving  melani  in  strong  sulphuric  acid  it  is  converted 
*^'  into  ammeUd,  which,  by  being  further  heated,  is  converted  into  am- 

monia and  cyanuric  acid.  Three  atoms  of  urea  contain  the  elements 
of  1  eq.  of  cyanuric  acid,  and  3  eq.  of  ammonia ;  at  a  high  tempera- 
ture the  greater  part  of  the  ammonia  is  evolved  as  a  gas,  while  a 
small  portion  remains  in  combination  with  the  cyanuric  acid. 

Prepertiea,  17^.  Colourless,  inodorous,  a  slight  taste,  reddens  litmus  feebly, 
^ringly  soluble  in  cold,  but  taken  up  by  24  parts  of  boiling  water;  the 
crystals  from  the  aqueous  solution  contain  21.66  per  cent  =4  eq. 
water,  which  they  Jose  at  common  temperature  when  exposed  to  the 
air,  but  more  rapidly  when  heated,  and  fall  into  powder.  They  are 
oblique  rhombic  prisms.  The  dry  acid  contains  3  eq.  of  water ;  it 
may  be  obtained  m  crystals  free  from  water  of  crystaUization  from  a 
hot  saturated  solution  in  nitric  or  hydrochloric  acid.  The  hydrate 
when  heated  is  converted  into  3  eq.  of  hydrated  cyanic  acid,  the 
constituents  of  which  it  contains.  It  is  soluble  in  the  strongest  acids 
without  decomposition,  but  by  l6ng*continued  boiling  is  converted 
into  ammonia  and  carbonic  acid. 

It  is  a  tribasic  acid  ;  its  hydrate  is  CyiOs-f^SHO;  eq.  =  190.17. 

Cyanu-  1764.  Oyanurates.  The  salts  of  cyanuric  acid  contain  three  atoms 

rates.  «f  base,  which  are  represented  in  the  hydrate  by  three  atoms  of  wa- 
ter. All  cyanurets  are  decomposed  by  hydrochloric,  nitric  acids, 
tec* ;  the  cyanuric  acid  crystallizes  out  of  the  solutions  without  re- 
taining a  trace  of  the  metallic  oxide  with  which  it  was  united.  Its 
alkaline  salts  fuse  when  heated,  leaving  a  cyanate  of  the  alkali, 
while  cyanate  of  ammonia,  cyanic  and  carbonic  acids,  are  evolved. 

Cjanoiaie       1765.  Cyanurate  of  Potassa.    The  salt  |  ^q  | +Cy»Ogismade 

by  neutralizing  a  boiling  saturated  solution  of  cyanuric  acid  by  po- 
tassa^  it  falls  in  the  form  of  white  brilliant  cubes.  If  these  ciystals 
be  dissolved  in  a  solution  of  caustic  potassa,  the  addition  of  alcohol 
precipitates  the  cyanu  rate  of  potassa  with  two  equivalents  of  fixed 

base,  I  nvQ  [  +CyaO|,  in  white  acicular  cryMals.  On  being  re- 
dissolved  in  water  and  evaporated,  it  is  decomposed  into  free  potassa 
and  the  former  salt. 
Cvaanrate  1766.  Cyanurate  of  Silver,  If  nitrate  of  silver  be  added  to  either 
of  silver,  of  the  above  salts  of  potassa,  a  white  precipitate  is  obtained,  which 
is  cyanurate  of  silver,  with  2  eq.  oxide  of  silver  and  1  eq.  water^ 


nji   Q  j  OyaP,;  this  salf  heated  in  the  dry  slate  evolves  hydrated  — — — ^ 

cyonic  acid.  JBol  if  a^utioit  of  silver  he  added  tft  a.hoiling  solttt 
tieti  ef  cyanutate  of  ammonia,  containing  ammonra  in  excess,  the 
cyanurate  with  3  eq.  of  oxide  of  silver  is  formed,  3AgO,GysOa ;  it  is 
insoluhle  in  water ;  very  sparingly  sohihle  in  dilute  nitric  acid ;  may 
be  heated  to  000^  without  decomposition ;  is  white,  is  not  blackened 
by  light,  emits  carbonic  acid  and  nitrogen  gases,  at  a  red  heat,  leav* 
ing  the  cyanuret  of  silver  as  a  residue. 

1787.  CyameHd,  or  Insolubie  Cyarmric  Acid,  Probable  formula  Cyimelid. 
CsOs-f-NH ;  eq.  =  43.39.  The  hydrate  of  cyanuric  acid,  when 
free  from  water  of  crystallization,  hardens  Portly  after  its  prepare* 
tion  into  a  white  poreelain-like  body,  which  is  insoluble  in  water, 
dilute  acids,  alcohol,  and  ether ;  but  is  dissolved  with  decomposition 
by  the  caustic  alkaliea ;  ammonia  is  evolved,  and  cyanate  and  cya- 
nurate of  the  alkali  formed.  Concentrated  sulphuric  acid  dissolves 
it  with  the  aid  of  heat,  when  with  the  elements  of  2  eq.  water  it  is 
decomposed  into  carbonic  acid  and  ammonia ;  submitted  to  the  de- 
structive distillation,  it  is  converted  into  hydrated  cyanic,  a  change 
which  is  very  readily  accounted  for,  since  its  composition  is  the  same 
as  that  of  the  hydrated  acid. 
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1768.  Hydrocyanic  Addt  Prussic  Acid,  Discovered  by  Scheele  ;  pt^ag^ 
foe  a  knowledge  of  its  nature  and  chemical  properties  we  are  in-  acid, 
debted  to  Gay-Lussac  :  it  is  a  constituent  of  the  water  distilled  from 
the  leaves  and  blossoms  of  several  stone-fruits  ;  is  formed  by  the  de- 
structive distillation  of  many  substances  containing  nitrogen,  by  the 
decomposition  of  formate  of  ammonia  by  heat,  and  of  the  inetallic 
cyanurets  by  acids. 
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of  potassium  are  diatUled  in  a  retort,  at  &  v^ry  goDtle  heat,  with  a  mixture  of  9  HyiMoeya 
parts  of  sulphuric  acid  and  9  parts  of  water,  and  the  products  collected  in  a  well-  oic  aeid. 
cooled  receiver,  containing  departs  of  chloride  of  calcium  in  coarse  fragments :  Process, 
the  mixture  of  aoid  and  water  should  not  be  used  till  perfectly  cold.    The  distil- 
lation is  stopped  as  soon  as  the  chloride  of  calcium  is  perftctiy  covered  by  the 
fluid  collected  in  the  receiver.    H  is  then  poured  off  into  a  strong  glass  vessel 
with  a  good  stopper.* 

The  ferrocyanuretof  potassium  contains  the  cyanuret  of  potassium.  Explained, 
which  is  decomposed  by  the  hydrous  sulphuric  acid  into  sulphate  of 
potassa  and  hjrdrocyanic  acid ;  the  latter  passes  over  with  a  little 
water  into  the  receiver,  but  this  is  absorbed  by  the  chloride  of  calci- 
um. It  can  also  be  prepared  by  decomposing  the  bicyanuret  of  mer- 
cury by  strong  hydrochloric  or  dry  hydrosulphuric  acid  gas.    l.  766. 

The  bicyanuret  mi^  be  heated  gently  in  a  tube  of  about  18  inches  in  length  pmc^f^ 
and  at  least  half  an  inch  in  diameter  internally,  nearly  filled  with  that  substance, 
and  placed  horizontally,  as  in  Fig.  189. 

the  cut  (Fig.  189).    Tfie  gas  is     /*      ,     -  , |        u.,...^^,^^-^- 
passed  over  until  the  contents  of    '  - 

the  tube  have  become  black; 
none  of  the  gas  escaping  from 
the  other  extremity  ot  the  tube, 
till  all  the  bu^anuret  is  decomr 

*Ti«mt«eio. 
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Chap.  VI.  poied.  Whenever  the  odour  of  the  gtm  is  perceived  at  the  moath  of  the  receiv- 
er^  the  tube  a,  connected  with  the  apparatue  in-  whieh  the  gas  is  produced,  is 
withdrawn,  and  the  extremity  of  tne  tube  closed  with  plaster  of  Paris.  It  is 
heated  ^ntly  when  the  lute  has  set,  and  the  hydrocyanic  acid  which- has  been 
formed  is  volatiUzed  and  condensed  in  »  small  receiver  placed  in  a  freezing  mix- 
ture. 

t 

Fhiperties.       1770.  At  common  temperatures,  a  clear  limpid  fluid,  very  combus- 
tible, baming  with  a  reddish  flame,  of  spi  gr.  =  0.6969  at  64°.    It 
congeals  at  5°  to  a  solid  fibrous  mass,  boils  at  80°,  may  be  mixed  in 
every  proportion  with  water,  etber,  and  alcohol;  the  sp.  gr«  of  the 
vapour  is  0.9476 :  scarcely  reddens  litmus  paper.    It  has  a  peculiar 
penetrating  odour,  similar  to  that  of  bitter  almonds,  checks  the 
breathing,  and  causes  a  flow  of  tears ;  it  possesses  a  penetrating 
taste,  which  is  somewhat  burning,  and  strongly  bitter ;  its  vapour, 
when  inhaled,  acts  instantly  as  a  most  powerful  poison.     The  anti- 
dotes are  ammonia,  as  likewise  chlorinei  which,  however,,  must  be 
administered  with  caution. 
Freeaioff         1771.  The  congelation  of  the  acid  at  S*  is,  according  to  Schulz, 
point.         owing  to  small  quantities  of  water ;  he  states  the  perfectly  anhy- 
drous acid  as  still  liquid  at^64°. 
Deoom-  1772.  Decomposes  when  perfectly  pure  with  the  greatest  facility 

PP^  ^  under  the  influence  of  light,  with  the  formation  of  a  brown  substance 
^  '  '  and  ammonia;  small  quantities  of  acids  prevent  this  decomposition; 
by  concentrated  mineral  acids  it  is  very  rapidly  converted,  together 
with  the  elements  of  water,  into  formic  acid  and  ammonia ;  3  eq.  of 
water  and  1  of  hydrocyanic  acid,  a  strong  acid  being  present,  sufler 
mutual  decom positron,  and  are  converted  into  ammonia  which  unites 
with  the  acid,  and  into  formic  acid. 

1  eq.  hydrocy.  acid     NC2H         ^  _  (  1  ^«  ftmm.  N      Ha 

3  eq.  water  U3O3  )  ~  (  1  eq.  formic  acid         C2H' O3 
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Action  of        1773.  Potassium  heated  in  the  vapour  of  the  acid  unites  with  the 
P"**""°*-  c^'anogen,  and  liberates  the  hydrogen ;  lime  and  baryta,  when  heated 
in  the  vapour,  also  liberate  hydrogen  and  give  rise  to  cyanates ;  it  is 
decomposed  by  chlorine  with  the  formation  of  hydrochloric  acid  and 
chloride  of  cyanogen. 
Hdmus         1774  Hydrous  Hydrocyanic  Acid-   CyH,  eq.  27.39.    One  part  of 
bydrocra-   bicyanuret  of  mercury  dissolved  in  8  parts  of  water  is  treated  with  a 
^!|V^    '     stream  of  hydrosulphuric  acid  gas  till  the  latter  is  in  slight  excess  ; 
the  free  hydrosulphuric  acid  removed  by  a  little  carbonate  of  lead, 
and  filtered.     The  clear  liquid  contains  -fy  of  anhydrous  hydrocya- 
nic acid.     By  the  decomposition  of  the  bicyanuret  of  mercury  the 
fluid  becomes  black  like  ink,  and  it  frequently  only  becomes  clear 
after  the  addition  of  a  small  quantity  of  a  free  mineral  acid ;  it  con- 
tains too,  very  generally,  small  quantities  of  hydro-sulphocyanic 
acid. 

1775.  It  may  be  prepared  of  the  same  strength  and  perfectly  pure, 
according  to  Geiger, 

By  distilling  4  parts  of  crystallized  ferrocyannretof  potassiam  with  18  parts  of 
water  and  2  of  strong  sulphuric  acid  ;  20parts  of  water  are  placed  in  the  receiver, 
and  the  distillation  is  conducted  until  3o  parts  have  collected.  The  distill  alien 
is  best  conducted  in  a  chloride  of  calcium  bath,  and  the  vapours  should  be  con- 
densed by  a  condensing  apparatus  of  glass.  The  product  is  collected  in  a  cylin- 
drical bottle,  which  is  marked  at  the  point  corresponding  to  38  parts. 
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1776.  According  to  Clsrk,  it  may  be  prepared  by  dissolving  1    Spct-m. 
part  of  tartaric  acid  in  40  parts  of  water,  and  adding  11%  parts  of  Clark's 
pure  cyanuret  of  potassium  in  coarse  fragments  to  the  solution.  The  process, 
fluid  must  be  kept  very  cold,  and  shaken  from  time  to  time  ;  this  acid 
contains  3  per  cent,  anhydrous  acid,  and  2^  to  -3  grs.  of  bkartrate  "of 
potassa  in  the  ounce.^ 

1777.  Magendie  states  that  the  medicinal  hydrocyanic  acid  is  pre-  JJjf"*^**'* 
pared  ^by  mixing  1  part  by  volume  of  the  anhydrous  acid  with  6 

parts  of  water.;  f»r  by  weight,  1  part  of  the  acid  with  8^  of  water. 

1778.  All  methods  in  which  hydrocyanic  acid  is  obtained  by  dis*  Strength 
tillation  never  yield  this  energetic  preparation  of  the  same  quality  "o^*"' 
-and  strength;  even  with  the  application  of  every  possible  precaution, 

the  product  never  contains  more  ihan  four  fifths  of  the  small  quan- 
tity of  acid  which,  according  to  the  calculation,  ought  to  be  procured ; 
this  arises,  when  ferrocyanuret  of  potassium  is  used,  from  a  portion 
of  the  cyanuret  entering  into  combination  with  the  protocyanuret  of 
iron  during  the  decomposition  of  the  yellow  salt,  or  from  the  impos- 
sibility of  ejecting  an  absolute  condensation  of  so  volatile  a  substance 
during  the  distillation. 

1779.  It  is  therefore  greatly  preferable  to  prepare  a  stronger  acid  ^^*^'^" 
in  the  first  instance,  to  determine  by  experiment  the  quantity  of  an-  '^ 
hydrous  acid  contained  in  it ;  and  by  the  addition  of  water  to  bring 

it  to  that  degree  of  dilution  which  is  prescribed  by  the  physician,  or 
by  the  medical  laws  of  the  land.t  The  method  described  in  the  note 
may  be  used  for  testing  the  strength  of  any  solution  of  hydrocyanic 
acid  ;  100  grains  of  an  acid  which  contains  3  per  cent,  anhydrous 
prussic  acid  should,  when  precipitated  by  the  nitrate  of  silver,  give 
15  grains  of  the  cyanuret.  This  method  is  independent  of  all  acci-  StreMth 
dents  which  can  possibly  have  an  influence  upon  the  activity  of  the  ^'*^- 
preparation  ;  it  is  so  very  simple  that  it  will  yield  accurate  results  in 
every  hand.  The  peroxide  of  mercury,  which  is  readily  dissolved 
as  cyanide  at  common  temperatures,  may  also  be  used  to  test  tbe 
strength  of  the  aqueous  acid  ;  a  drop  or  two  of  caustic  potassa  is  ad- 
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t  For  example  2  parts  of  crystalline  ferrocfanvret  of  potassiam  are  distilled  with  1  Mstiwdof 
part  of  sulphuric  acid  aad  2  of  water  to  dryness  in  a  chloride  of  calcium  bath ;  and  tof  • 
the  product,  well  cooled  by  the  condensing  tube  apparatus,  collected  in  a  narrow- 
mouthed  bottle,  into  which  2  parts  of  water  bare  been  placed.  The  quantity  obtained 
geaeraliy  amounts  to  4—4)  parts  by  weight  of  liquid,  cohtaining.  accoraing  to  the 
more  or  less  periect  cooling,  from  17 — 20  per  cent,  of  anhydrous  nydrocyanic  ac^. 
Tbe  exact  quantity  is  determined  in  the  following  manner:— One  drachm=60  grs.  of 
the  dilute  acid  is  added  to  a  carefally  balanced  glass  ressel,  which  contains  a  dilute 
solution  of  nitrate  of  siWer,*  and  tne  increase  of  weight  accurately  determined  ;  by 
way  of  precaution,  a  trial  is  made  to  see  whether  the  addition  of  the  silver  solution 
causes  a  further  precipitation,  the  precipitate  collected  upon  a  weighed  filter,  washed, 
dried,  and  the  quantity  of  cyanuret  of  silver  determined  ny  a  second  weighing.  Five 
parts  of  the  precipitate  correspond  to  1  jmrt  of  the  hydrocyanic  add.  If  for  example 
62  grains  of  cyanuret  of  silver  be  obtamed,  the  60  grains  of  dilute  add  would  have 
consisted  of  10.4  grains  of  anh][drous  add,  and  of  49.7  grains  of  water.  Were  it  de- 
sired,  according  to  the  prescription  of  any  pharmacopoeia,  to  make  a  hydrocyanic  acid 
oontaininff  3  per  cent,  of  anhydrous  acid,  and  consequently  07  per  cent,  of  water,  it  is 
done  in  tne  following  manner :-— 3  hydrocyanic  acid  is  to  97  water  as  10.4  add  is  to 
X  =  336.2  water:  to  10.4  grains  of  anhydrous  acid  386.2  grains  of  water  must  be  ad- 
ded, in  order  to  form  a  mixture  which  shall  contain  3  per  cent,  of  anhydrous  acid. 
To  each  drachm  of  the  product,  therefore,  since  it  consists  of  10.4  grains  of  anhydrous 
acid  and  49.6  of  water,  336.2—49.6  =  286.6  grains  of  water  must  m  added. 

*  Nitrate  of  silver  is  sn  exceedingly  delicate  tset  of  the  presence  of  this  scid. 
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ctKp.  VI.  ded  to  the  solatioo,  which  is  then  treated  wi4h  a  known  weight  of 
the  peroxide  in  fine  powder ;  every  4  parts  of  the  oxide  dissolved 
corresponds  to  one  of  the  anhydrous  acid* 

PropertiM.  1780.  The  properties  of  the  aqueous  acid  are  similar  to  those  of 
the  concentrated,  with  the  difiereooe  of  taste,  odour*  and  poisonous 
and  combustible  properties,  which  are  dependent  on  a  higher  or 
lower  degree  of  concentration  ;  it  decomposes  when  perfectly  pore  as 
readily  as  the  anhydrous  acid,  becoming  brown»  and  at  last  black. 
1781.  Like  the  anhydrous  acid,  however,  it  may  be  preserved  by  ad- 

MnrtolT  ^'°^  ^  ^^^^  ^^^  strong  mineral  acid ;  a  slight  permanent  reddening  of 
litmus  paper  should  not  therefore  be  considered  a  sufficient  reason  for 
rejecting  an  acid ;  it  should  be  clear  and  colourless,  leave  no  rceidoe 
on  evaporation,  nor  be  precipitated  or  blackened  by  hydrosolphiiric 
acid  gas  (lead  or  mercury).  Treated  with  ammonist  and  evaporated 
in  a  water-bath,  the  dry  residue  should  not  exceed  one  quarter  per 
cent. ;  nor  should  it  become  brown  when  heated,  this  indteattng  the 
presence  of  formic  acid*  which  may  also  be  detected  by  the  tests 
hereafter  to  be  mentioned.  Sulphuric  acid  is  detected  by  baoryta ; 
hydrochloric  acid  by  evaporating  in  a  water-bath  till  all  odour  of 
prussic  acid  is  gone,  and  then  adding  a  salt  of  silver.  By  careful 
rectification  over  chalk,  an  excess  of  mineral  acids  may  readily  be 
corrected  ;  but  in  this  case  a  trace  of  hydrochloric  or  sulphuric  acid 
must  be  added  afterwards,  to  give  stability  to  the  acid,   l*  76S. 

DeteetiMi        1782.  As  this  acid  is  a  very  powerful  poison,  all  experiments  with 

ukwiSP'  '^  ^^"^  ^  performed  with  the  greatest  caution.  Several  fiital  acci- 
dents have  occurred  ;  even  the  fumes,  incautiousiv  inhaled,  produce 
severe  head-ache,  nausea,  and  fainting.  A  single  drop  introduced 
into  the  throat  of  a  large  dog,  kills  the  animal.  According  to  Herbst, 
the  best  antidote  is  the  cold  affusion. 

1783.  The  presence  of  the  free  acid  is  recognized  by  its  odour. 
Its  presence  in  the  stomach  after  death  may  be  detected  in  several 
ways.  The  sulphate  of  copper  forms  when  rendered  alkaline  by  a 
little  potassa,  a  greenish  precipitate,  which  becomes  nearly  white,  on 
the  addition  of  hydrochloric  acid,  but  this  is  of  less  value  than  the 
formation  of  Prussian  blue  as  proposed  by  Scheele : 

SebeeU's  To  the  liquid  supposed  to  contain  hydrocyanic  acid,  add  a  solution 
procen.  ^f  g^een  vitriol,*  throw  down  the  protoxide  of  iron  by  a  slight  excess 
of  pure  potassa,  and  acidulate  with  hydrochloric  or  sulphuric  acid,  so 
as  to  redissolve  the  precipitate.  Prussian  blue  will  then  make  its 
appearance,  if  hydrocyanic  acid  had  been  originally  present.  The 
presence  of  protoxide  of  iron  is  essential. 

1784.  The  subject  has  been  investigated  experimentally  by  Leoret 
Lu-  and  Lassaigne,  and  the  process  they  have  recommended  is  the  fbl- 
■M8P<>      lowing : 

The  ftomacb  or  other  robBtancee  to  be  examined  are  cut  into  small  fira^^eotB, 
and  introduced  into  a  retort  along  with  water,  the  liquid  being  slichtly  acidiilated 
with  luiphoric  acid.  The  distiluition  is  then  conducted  by  the  neat  of  boiling 
water,  tOI  about  one  eighth  part  of  the  water  baa  psaied  over  into  the  reoeiTer. 
To  the  distilled  lioiiid  aidd  a  drop  of  caustic  potaiaa,  and  immediatdy  after  a  Tery 
•mall  quantity  of  the  eolotioQ  of  aalphate  of  copper.    A  smaU  qoanti^  of  nnttar 


will  be  disengaged  b^  the  action  of  the  alkali  on  the  copper  sohition.    Then  add 
one  or  two  dirops  of  hydrochloric  acid.    If  no  hydrocyanic  acid  be  preeent,  thm 

*  Liebif  dtsapptofea  of  this  test. 
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praeipitata  will  be  diaolred  and  the  liquid  beoome  tnuparent ;  but  if  any  of  tha    8»cu  HI. 

acid  ia  proMDt  it  will  remain  undiisolved  and  white.  By  thia  method  ^  Jinr 
part  of  the  acid  may  be  detected.  There  ia,  however,  a  source  of  ambiguity ; 
the  same  white  precipitate  will  remain  if  the  liquid  should  contain  hydriodic  acid. 

£(iiJphate  of  iron  when  substituted  for  sulphate  of  copper  will  detect  ttt.^v  ^ 
file  weight  of  the  acid,  but  it  has  the  advantage  of  being  characteriatic  an  oonaa- 
quence  of  the  formation  of  Prussian  blue.* 

1785^.  Hydrocyanaie  of  Amnumiat  Qyanuret  of  ArMnonmm.  Hydroeya- 
NH4Cy,  eq.  =  44.54.  Prepared  by  distilling  dry  ammohiacal  salts  J^Jjjf""" 
^Ith  rhetallic  cyanurets,  or  by  bringing  anhydrous  hydrocyanic  acid 
into  contact  with  amnioniacal  gas,  when  the  compound  is  piodnced 
in  the  form  of  bright  crystalliAe  plates.  It  is  almost  as  volatile  as 
the  acid  itself;  decomposes  very  rapidly  in  water,  is  poisonous,  and 
has  a  strong  peculiar  smell. 

1786.  Qn  Winging  hydrocyanic  acid  into-contact  with  metallic  ox*  Hydrocya- 
idea  which  retain  their  oxyge»  by  a  feeble  affinity,  as  in  the  oxides  of  nie  add 
mercury,  silver,  palladium,  they  sufier  mutual  decohiposilion,  giving  ^^^^^^^y^' 
rise  to  the  formation  of  water  and  a:  metallic  cyanuret ;    if  no 

water  be  present,  the  decoinpositien  is  accompanied  by  so  great  an 
evolution*  o^  heat  as  to  cause  an'  explosion.  The  alkaline  oxides 
unite  with  the  acid  without  decomposition ;  in  this  class  of  com- 
pounds also  the  decomposition  of  the  acid,  and  alkali  is  instantly 
effected,  when  the  solution  is  treated  with  another  metallic  cyanuret, 
with  which  they  form  a  double  compound.  With  many  peroxides, 
as,  for  example,  with  the  peroxide  of  copper,  the  hydrocya^nic  acid 
gives  rise  to  a  corresponding  percyanuret;  but  this  is  decomposed 
either  instantly,  or  after  a  short  time,  into  cyanogen  gas,  and  .a  pro- 
tocyanuret;  with  the  peroxide  of  lead  the  protocyanuret  is  formed, 
and  cyanogen  liberated. 

1787.  The  compounds-  of  cyanogen  with  silver,   mercury,  and  Withsil- 
most  heavy  metals,  are  not  decomposed  by  dilute  ox-acids,  and  are  ^^^* 
with  difficulty  decomposed  by  concentrated  nitric  acid  at  a  boiling 
temperature ;  many  of  them  with  great  facility  by  hydrosulphuric 

and  hydrochloric  acid  into  hydrocyanic  acid,  and  a  metallic  sul- 
phnret  or  chloride  (cynnurets  of  mercury,  silver).  The  cyanurets 
of  the  precious  metals  (silver,  mercury)  are  decomposed  by  heat  like 
the  corresponding  oxides  into  cyanogen  and  metal;  the  cyanurets  of 
the  heavy  metals  into  a  carburet  and  free  nitrogen  ;  the  cyanurets 
of  th^  alkaline  metals,  if  protected  from  the  action  of  the  air  and 
moisture,  will  bear  a  very  high  temperature  without  decomposition. 

1788.  All  insoluble  cyanurets  of  the  heavy  metals  may  be  formed  iMolabla 
by  adding  hydrocyanic  acid  to  the  acetate.  They  are  decomposed  cyanureta 
on  being  heated  in  a  large  excess  of  hydrochloric  acid  or  in  hydrate 

of  potflssa  into  a  metallic  chloride,  or  into  an  oxide,  ammonia,  and 
formic  acid  ;  the  latter  is  the  case  with  the  alkaline  cyanurets  when 
boiled  in  an  excess  of  alkali.  All  metallic  cyanurets,  the  correspond- 
ing oxides  of  which  do  not  retain  carbonic  acid  at  a  red  heat,  evolve, 
when  burnt  with  oxide  of  copper,  nitrogen  and  carbonic  acid  gashes 
in  the  proportion  1  :  2  by  volume. 

1789.  Cyanuret  of  Pofyissium.  ECy  eq.  65.54.  Formed,  when  Ojanaret 
potassium  is  heated'  ita  cyanogen  gas  with  the  appearance  of  com-  o«  po»«"«" 
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^^P'  VJ'  bustion,  by  heating  potassium  with  anhydrous  substances  containing 

Ditrogen,  by  heating  the  carbonate  of  potassa  to  redness  with  matter 

containing  carbon  and  nitrogen. 

By  adding  hjdrocyanic  acid  io  excess  to  a  recently  prepared  concentrated  80- 
lotion  of  caustic  potassa,  CTaporating  the  solution  in  a  retort  at  a  boiling  beat  till 
crystallisation  commences,  wnen  it  must  be  poured  into  a  porcelain  dish  and 
fused  at  a  low  red  heat.  Or  a  saturated  alcoholic  solution  of  hydrate  of 
potassa  is  treated  with  strong  hydrocyanic  acid  in  siicoeasive  portions  as 
ionc  aa  it  throws  down  a  white  crystalline  precipitate|  which  should  be 
washed  with  alcohol  and  dried.  An  additional  quantity  is  obtained  by  btb* 
porating  the  lioaid  in  a  retort.  Or  better  by  heating  the  ferrocyanuret  of  po- 
tasaiam,  carefully  dried  and  reduced  to  a  fine  powder,  in  an  iron  Teaee]  or  well- 
closed  cnicible  to  a  strong  red  heat,  exposure  to  the  air  being  carefully  avoided  till 
Suite  cold ;  the  semi-fused  or  black  porous  mass  must  men  be  reduced  to  a 
ne  powder,  placed  in  a  funnel,  moistened  with  a  little  alcohol,  and  then 
washed  with  cold  water.  The  first  concentrated  colourless  solution  which 
passes  ofi",  is  rapidly  brought  to  dryness  and  fused  in  a  porcelain  dish.  The 
]>ounded  fused  mass  may  also  be  boiled  in  spirit  when  the  cyanuret  is  depo- 
sited in  crystals  on  coofing.  Alcohol  of  60  per  cent.  dissoWes  at  the  boiUns 
temperature  a  considerable  quantity  of  the  cyanuret,  almost  the  whole  S 
which  is  again  deposited  as  the  solution  cools;  if  it  be  stronger  or  weaker, 
this  does  not  occur.  The  application  of  warm  water  in  the  preparation  must 
be  altogether  avoided,  as  when  air  ia  present  it  at  onoe  coloura  the  so- 
lution yellow,  owing  to  the  reproduction  of  the  ferrocyanuret  of  potassium. 

1790.  Colourless,  crystallizes  in  transparent  cubes,  or  other  forms 
of  the  octohedral  system,  without  odour,  but  of  a  sharp  biting  alka- 
line and  bitter-almond  taste ;  fuses  readily  to  a  clear  transparent 
liquid,  and  will  bear  a  white  heat  without  decomposition  in  close 
vessels  ;  exposed  to  oxygen,  on  the  contrary,  it  is  converted  into  cy- 
anate  of  potassa.  On  exposure  the  crystals  become  opaque,  deli- 
quesce in  a  moist  atmosphere,  are  very  soluble  in  water,  the  solution 
is  decomposed  even  by  the  carbonic  acid  of  the  air,  and  smells  of 
prussic  acid.  Even  kept  in  close  vessels  it  decomposes  in  a  shorter 
or  longer  time. 

1791.  The  cyanuret  of  potassium  is  converted,  when  dissolved  in 
water,  into  hydrocyanate  of  potassa ;  if  the  solution  be  evaporated  with 
an  excess  of  potassa,  the  whole  of  the  nitrogen  is  evolved  as  ammo- 
nia, and  formate  of  potassa  remains.  Effervescence  on  the  addition 
of  an  acid  proves  the  presence  of  carbonic  acid  ;  a  yellow  colour, 
that  of  iron  :  and  a  blackening  when  heated,  the  admixture  of  salts 
of  formic  acid.     It  may  be  used  instead  of  the  hydrocyanic  acid. 

1792.  Cyanuret  of  Iron.  FeCy  j  eq.=54.39.  This  compound, 
remarkable  from  its  tendency  to  form  a  very  peculiar  class  of  double 
compounds  by  uniting  with  other  cyanuretSi  would  appear  as  inca- 
pable of  existing  in  a  free  state  as  the  corresponding  protoxide.  On 
adding  a  proto-salt  of  iron  to  a  solution  of  cyanuret  of  potassium,  a 
yellowish-red  precipitate  is  formed,  which  is  redissolved  by  an  ex- 
cess of  the  cyanuret  into  a  yellow  liquid,  the  ferrocyanuret  of  potas- 
sium. On  heating  dry  ferrocyanuret  of  ammonium,  cyanuret  of 
ammonium  is  evolved)  and  a  gray  insoluble  powder,  which  has  been 
considered  as  this  compound,  is  the  residue  obtained.     It  is  also 

£  reduced,  according  to  Kobiquet,  by  pouring  a  saturated  solution  of 
ydrosulphuric  acid  over  recently  precipitated  Prussian  blue  con- 
tained in  a  well-stoppered  vessel ;  the  Prussian  blue  becomes  white. 


Action  of 
water. 
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and  the  solution  contains  hydrocyanic  acid.*    The  properties  of  8<ct.iii. 
these  preparations  differ  too  widely  to  allow  of  their  being  considered 
as  identical.t 

1793.  Bicyanuret  of  Mercury.  HgCya,  eq.  =254.78.  An  aque-  Bicyanoret 
ous  solution  of  prussic  acid  is  treated  with  finely  powdered  peroxide  ^  "•"''"T- 
of  mercury  until  all  odour  of  the  former  disappears ;    the  liquid 

yields  on  evaporation  perfectly  pure  crystals  of  the  bicyanuret. 

For  thiB  punxwe  the  acid  prepared  as  recommended  by  Geicer  is  moBt  conye-  ProceMi 
nient ;  it  snoald  be  introduced  mto  a  well -stopped  bottle,  and  the  combination 
with  the  oxide  of  mercury  promoted  by  frequent  agitation.  It  rouvt  always  be 
remembered,  that  the  compound  can  only  be  produced  when  water  is  present  in 
sufficient  quantity  to  dissolye  the  whole  of  the  cyanuret ;  water  must  therefbra 
be  added,  should  it  be  observed  that  the  liquid  smells  of  prussic  acid,  while  any 
portion  of  the  oxide  of  mercury  remains  unaissolved.  Or  b^  adding  to  a  solution 
of  2  parts  of  ferrocyanuret  or  potassium  in  15  parts  of  boiling  water,  3  parts  of 
perfectly  dry  bisulpbate  of  the  peroxide  of  mercury ;  boil  the  mixture  for  a  quar- 
ter of  an  hour,  ana  separate  the  clear  liquid  while  boiling  hot  from  the  precipitate 
by  filtration ;  as  the  solution  cools,  the  bicyanoret  crystallizes.  The  mother^ 
liquor  yields  a  second  crop  of  crystals  by  nirther  concentration ;  or  it  may  be 
evaporated  to  dryness,  and  the  cyanuret  obtained  from  the  residue  by  boiling  al- 
cohol. The  first  crystals  firom  the  aqueous  solution  are  purified  by  a  second 
crystallization. 

1794.  The  formation  of  the  cyanide  in  this  process  is  owing  to  Explained, 
the  mutual  decomposition  between  the  2  eq.  of  cyanuret  of  potassium 

of  the  ferrocyanuret  and  2  eq.  of  persulphate  of  mercury  into  bicya- 
nuret  of  mercury  and  sulphate  of  potassa,  while  the  cyanuret  of  iron 
is  precipitated. 

1795.  Crystallizes  in  colourless  transparent  regular  four  or  six- 1*'®P«'***»" 
sided  prisms ;  they  are  anhydrous,  permanent  in  the  air,  of  a  very 
disagreeable  metallic  taste,  and  are  very  poisonous.     Is  dissolved  by 

8  parts  of  water  at  60^,  but  is  more  soluble  in  bojliug  water^^and  ia 
alcohol. 

Peroxide  of  mercury  decomposes  all  soluble  metallie-  cyanurets 
with  the  formation  of  an  oxide  and  double  cyanurets  of  mercury  aiid 
other  metals.} 

1796.  Cyanuret  of  Silver.  AgCy,  eq.  13439.  Falls,  on  mixing  Oyanuiet 
a  soluble  salt  of  silver  with  hydrocyanic  acid,  in  the  form  of  a  briU^''^'^^* 
liant  white  curdy  precipitatq;  is  decomposed  by  all  hydracids,  but 

with  great  difRculty  by  other  mineral  acids ;  strong  boiling  nitric 
acid  alone  can  dissolve  it ;  sufiers  no  change  by  the  caustic  fixed  al- 
kalies, is  readily  dissolved  by  ammonia.  Is  soluble  in  a  concen- 
trated solution  of  the  nitrate  of  silver,  forming  with  it  a  compound, 
which  may  be  obtained  in  crystals,  but  is  not  permanent  in  water. 
It  gives  rise  to  double  compounds  with  all  cyanurets  of  the  alkaline 
metals. 

1797.  Cyanuret  of  PaUadium.     PdCy,  eq.  79.69.     The  affinity  Cyamuat 
of  palladium  for  cyanogen  surpasses  that  of  all  other  metals  ;  they  ofpaUadi- 


um. 


*  Berzelius. 

iSeaqui,  and  ProtO'Cyanurtta  <{f  hrwi^  FeCy+FesCyt-H  aq. 

t  If  ihs  bicyanuret  be  boiled  with  an  excess  of  peroxide  of  mercury,  the  latter  is  dis- 
sohed  in  large  qaantitv  (3  eq.  Kflho),  and  the  solation  on  evaporation  deposits  a 
compoQud  in  fine  acicolar  crystals ;  these  are  more  soluble  in  cola  water  than  the  bi- 
cyanuret, and  have  an  alkaline  reaction  on  vegetable  colours.  The  formation  of  this 
compound,  daring  the  preparation  nf  the  bicyanuret,  must  be  carefully  avoided,  or 
only  a  white  saline  mass  may  be  obtained.  T^vb  is  best  done  by  the  carefal  addition 
of  hydrocyanic  add  ontil  its  odour  is  slightly  perceptible. 


4^9  Cywi^in  on^  i^  Qm^fo^mdi. 

ciMH[»*vi*  combioe,  whenevQr  hydrocyanic  acid  or  any  solubk  icyanoret  is  |Ut- 
ded  to  a  salt  of  the  oxide  of  palladium,  in  the  form  of  a  light  chest- 
nut precipitate,  which  has  a  greenish  tint  if  copper  be  present; 
gives  rise  to  double  salts  with  ammoniai  cyanur^t  of  potassiumt  and 
nitrate  of  the  oxide  of  palladium. 

Jjg*J2d       ^''^-  P^rcyanuret  of  Odd.  AuCy«eq.=278.l7.  This  compound 

n  o  goM.  j^^^  recently  been  used  medicinally. 

A  Bolation  of  gold  in  aqua  rogia,  careiiilly  dapriTod  of  all  ftw  w4  by  eT|ip>* 
radon,  is  precipitated  by  a  receiuly  prepared  .aofutioii  of  caua^c  po^ipa  to  wl^ch 
hydrocyanic  acid  has  been  added  in  excess ;  care  must  be  ^iken  t£at  a  small  quan- 
tity of  the  chloride  of  cold  remain  in  the  solution.  The  yellowiyh-white  preci- 
pitate in  collected,  washed,  and  dried.  An  excess  of  cyanurel  or  polassiuiii 
dissoWes  the  precipitate,  and  the  solution  has  a  yeUowish-re4  colour,  but  in  thi« 
case  it  \$  re-precipitated  by  the  addition  of  im  acid.  It  may  also  be  prepared  bj 
adding  to  lo  parts  of  ^Id  dissolved  in  aqua  vegia  by  the  aid  of  heat  a  boilinc  so- 
lution of  24  parts  of  bicyanuret  of.  mercury,  evaporating  to  dryQeas,  awl  waabi^g 
with  pure  water. 

2^2i^'      ^'^^'  ^^^  insoluble  metallic  cyan arets  (the  heavy  metals)  combine 
the  metals,  with  the  soluble  (the  alkaline  metals)  to  peculiar  generally  crystal- 
:  lizable  double  compounds,  which  are  very  similar  in  their  general 
.  properties  to  the  combinations  of  the  soluble  and  insoluble  metallic 
s^ulphurets.     On  mixing  a  double  cyanuret  of  potassium  or  sodium 
with  a  metallic  salt,  the  basis  of  whicjb  is  an  oxide  of  a  heavy  metal, 
•a  new  double  compound;  is  generally  fortped,  arising  from  the  re- 
placement of  the  alkali  by  its  equivalent  of  the  heavy  metal.     The 
double  cyanuret  of  silver  and  potassium,  KCy-^AgCy,  forms,  with 

acetate  of  leadi  PbOA,  the  double  cyanuret  of  silver  and  lead,  PbCy 

^-AgCy,  and  acetate  of  potassa. 

Constittt-        1800.  The  composition  of  these  compounds  is  best  explained  by 

Uon  of  the  supposing  the  existence,  of  a  radical,  which  contains  1  eq.  of  iron  in 

eompwods  combination  with  carbon  and  nitrogen  in  the  same  proportion  as  they 

of  iron  and  exist  in  cyanogen,  but  in  s^ch  quantity  as  would  form  3  eq.  of  the 

eyanogen.    ii^tter,  and  which,  by  uniting  with  2  eq.  of  hydrogen,  form  a  bibasic 

acid.     The  radical  itself  may  be  called  ferrocyanogen ;  the  acid, 

hydro <ferroc3ranic  acid  ;  and  the  compounds  of  the  radical  with  the 

metals  by  the  same  adjuncts  to  ferrocyanuret  as  are  used  for  the 

,  corresponding  oxides. 

The  ferrocyanogen  is  composed  of 

I  eq.*  Strogqn  \  ^^  ^  ^yanogen+l  eq.  irou=l  eq.  ferrocyanogen ;  symb.  Cfy. 

Compounds  of  Ferrocyanogen, 

Hydio.fer.      1801.  Hydro- Ferrocyanic  Acid,    Cfy+2H,  eq.=109.17.    Disco- 
^^[^      vered  by  Porrett. 

^ff^QC^^  Prepared  by  decomposing  recently  precipitated  ferrocyanuret  of  lead  or  copper 

by  sufphurettad  hydrogen ;  filter  to  separate  the  metaluo  sulpburet,  and  evapo- 
rate over  sulphuric  acid  in  vacuo.*  Or  by  mixing  pure  Prussian  blue  with  ten 
times  its  volume  of  concentrated  hydrochloric  acid,  and  as  soon  as  the  blue 
colour  has  disappeared,  and  the  insolubla portions  have  become  yellow  or  brown, 
washing  it  weU  with  fresh  portions  of  the  concentrated  acid ;  the  moist  mass 
should  be  spread  out  upon  a  clean  tile,  placed  under  a  bell-jar  with  quick 
lime,  and  when  dry  dissolved  in  alcohol,  and  the  solution  spontaneously  eva- 
porated.t 

*  BsrvaUns.  t  Robiqaet. 


J8Q2.  A  white  distioctly  crystallioe  m^iv,  or  small  gmnular,  some-  s$^nh 
times  acicular  crystals,  which  acquire  p,  blue  colour »by  exposure  to  Propartve^. 
the  air.    The  noueous  solution  is  decomposed  by  boiling  into  hydro- 
cyanic acid,  and  a  white,  but  after  exposure  in  open  vessels  blue, 
precipitate.    The  hypothetical  radical  of  the  acid  can  (probably)  not 
be  isolated. 

1803.  Ferrocyanurd  of  Amnumium.  It  may  be  formed  by  digest*  FtRoofan- 
ing  at  a  gentle  heat  the  Jerrocyanuret  of  lead  with  carbonate  of  am*  oret  of  am- 
monia; filtering  to  separate  tbe  carbonate  of  lead,  and  evaporating  ™^''*°'' 
to  crystallization.     It  is  isomorphous  with  the  ferrocyanuret  of  po- 
tassium;   the  crystals  are  white,  or  yellowish-white,  transparent, 
permanent  in  the  air,  very  soluble  in  cold,  but  decomposed  by  boiling 

water  into  cyanuret  of  ammonium  and  cyanuret  of  iron,  insoluble  in 
i^lcohol.  It  forms  with  sal  ammoniac  a  double  salt,  which  is  obtain- 
ed by  boiling  a  solution  of  equal  parts  of  ferrocyanuret  of  potassium 
and  sal  ammoniac  in  6  parts  of  water,  when  it  forms,  on  cooling, 
large  lemon-yellow  crystals,  which  are  very  brittle  and  permanent 
in  the  air.  They  are  composed  of  an  eq.  of  ferrocyanuret  of  ammo- 
nium, 1  of  sal  ammoniac,  and  3  eq*  water.^ 

1804.  On  bringing  the  hydro-ferrocyanic  acid  into  contact  with  Hydnnfer- 
metallic  oxides,  the  latter  are  reduced  by  the  hydrogen  of  tbe  acid,  ^^ 
water,  and  a  compound  of  the  metal  with  the  radical  of  the  acid  be*  metallic oz- 
ing  formed  ;  as  1  eq.  of  the  acid  contains  2  eq.  of  hydrogen,  it  fol-  ''Im. 
lows  as  a  necessary  consequence  that  it  decomposes  2  eq.  of  the 

most  numerous  class  of  oxides,  in  which  1  eq.  of  oxygen  is  present 
in  1  eq.  of  the  oxide. 

1805.  The  ferrocyanurets  are,  without  exception,  .decomposed  Deeompot- 
when  exposed  to  a  red  heat  in  close  vessels ;  those  which  contain  an  ***  **y  **••'• 
alkaline  metal  give  rise  to  the  formation  of  the  cyanuret  of  that 

metal,  a  carburet  of  iron,  and  the  evolution  of  nitrogen  gas ;  all 
others  yield  mixtures  of  metals  and  metallic  carburets,  with  or  without 
the  evolution  of  cyanogen.  All  the  soluble  ferrocyanurets  are  decom- 
posed by  being  boiled  with  peroxide  of  mercury  into  perycyanuret  of 
mercury,  free  alkali,  and  oxy-cyanuret  of  iron.  The  ferrocyanurets  of 
potassium  and  sodium  are  converted  by  being  calcined  in  open  ves- 
sels into  alkaline  cyanates,  and  the  black  oxide  or  carburet  of  iron. 

1806.  Most  of  toe  ferrocyanurets  contain  water  of  crystallization,  ProperticB. 
which  they  lose  when  heated.     Those  of  zinc,  copper,  and  mercury 

unite  with  ammonia  to  peculiar  crystalline  double  compounds.!  Most 
of  them  are  soluble  in  concentrated  sulphuric  acid  without  decompo- 
sition ;  or  they  unite  with  it,  when  they  lose  their  colour,  to  saline 
combinations  in  which  the  ferrocyanuret  acts  the  part  of  a  base.  By 
nitric  acid  they  are  decomposed,  many  of  them  with  the  evolution  of 
cyanogen  and  the  formation  of  metallic  ferrid-cyanurets.  When 
those  which  are  soluble  in  water  are  boiled  with  dilute  acids,  the 
hydro'ferrocyanic  acid  is  separated,  and  at  that  temperature  decom- 
posed into  hydrocyanic  acid  which  escapes,  and  into  tbe  white  but 
impure  protocyanuret  of  iron,  which,  on  exposure  to  the  air,  absorbs 
oxygen  and  becomes  blue. 

1807.  Ferrocyanuret  of  Potamum.    In  crystals  K8Cfy-f-3  aq.,  eq.  Ferrocya- 
=185.47.  This  compound  occurs  of  great  purity  in  commerce,  and  is  JJJJig^Jni. 

4'Biiiisea.  tibid. 
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Ob>p  VI.  prepared  on  a  large  scale  by  fusing  substances  which  are  rich  in  ni- 
trogen, as  horn,  hoof,  and  dried  blood,  with  2 — 3  parts  of  carbonate 
of  potassa  in  iron  vessels  ;  the  mass  after  perfect  fusion  is  allowed  ta 
cool,  the  soluble  parts  removed  by  boiling  water  from  which  the  fer- 
rocyanuret  is  obtained  by  crystallization.  It  may  be  obtained  on  a 
small  scale  by  boiling  Prussian  blue  in  carbonate  of  potassa. 

1806.  By  the  fusion  of  substances  containing  carbon  and  nitrogen 
with  carbonate  of  potassa  at  a  red  heat,  the  potassa  is  reduced  by  a 
portion  of  the  carbon  to  potassium,  by  the  reaction  of  which  on  the 
rest  of  the  materials  cyanuret  of  potassium  as  the  principal  product 
is  formed.  The  red-hot  fused  mass  does  not  contain  a  particle  of 
the  ferrocyanuret,  but  it  contains,  in  the  form  of  a  black  slime,  a 
large  quantity  of  finely  divided  metallic  and  carburetted  iron.  If  the 
mass  be  treated  with  cold  water,  and  the  solution  evaporated,  no 
ferrocyanuret  is  obtained ;  but  if,  while  covered  with  water,  it  is 
freely  exposed  to  the  air  and  gently  warmed  for  some  hours,  oxygen 
is  rapidly  absorbed,  and  a  yellow  solution  is  obtained,  which  is  rich 
in  ferrocyanuret  of  potassium ;  this  arises  from  the  solution  of  pure 
cyanuret  of  potassium  dissolving  iron  when  oxygen  is  present  with 
the  formation  of  potassa;  the  potassium,  therefore,  of  the  cyanuret, 
by  uniting  with  oxygen,  gives  the  cyanogen  to  the  iron,  by  which 
the  latter  is  converted  into  cyanuret,  and  thus  acquires  the  property 
of  uniting  with  undecomposed  cyanuret  of  potassium  to  the  ferrocy- 
anuret. 

1809.  In  close  vessels  the  solution  of  iron  by  cyanuret  of  potassi- 
um is  attended  with  the  evolution  of  hydrogen,  owing  to  the  decom- 
position of  water,  the  oxygen  of  which  unites  with  the  potassium, 
while  the  cyanogen  passes  over  to  the  iron.  The  fused  mass  con- 
tains a  large  quantity  of  free  potassa,  which,  by  being  boiled  with  the 
cyanuret  of  potassium,  causes  the  decomposition  of  the  latter  into 
formate  of  potassa  and  ammonia  ;  if  the  animal  substances  be  fused 
in  open  vessels  with  the  potassa,  a  portion  of  the  cyanuret  of  potas* 
sium  is  burnt  into  cyanate  of  potassa,  the  solution  of  which  is  decom- 
posed by  boiling  into  ammonia  and  bicarbonate  of  potassa.  The 
ammonia  arises  in  every  case  from  the  decomposition  of  the  cyanuret 
of  potassium  ;  its  formation  is  consequently  always  accompanied  by 
a  corresponding  loss,  and  should  be  most  carefully  avoided.* 

1810.  Crystallizes  in  large  quadrangular  tables  or  short  prisms 
with  truncated  edges  and  angles,  which  belong  to  the  square  pris- 
matic system  ;  is  of  a  lemon-yellow  colour,  of  sp.  gr.  1.832 ;  has  at 
first  a  sweetish  bitter,  but  afterwards  saline  taste  ;  is  permanent  in 
the  air,  loses  at  212**  12.92  per  cent.=3  eq.  of  water,  and  becomes 
white  ;  is  soluble  in  4  parts  of  cold  and  in  2  parts  of  boiling  water  ; 
is  insoluble  in  alcohol,  by  which  it  is  precipitated  from  its  aqueous 
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*  It  is  best  to  treat  one  third  either  byTolumeor  weight  of  a  cold  solution  of  the 
mass  with  pmosolphate  of  iron  as  long^  as  a  precipitate  falls,  then  add  the  remaining 
two  thirds  of  the  solution,  and  bring  the  whole  to  the  boilinv  point;  it  must  always  be 
remembered  that  the  solution  must  contain  free  potassa.  fn  tiiis  manner  sulphate  oT 
potassa  is  obtained,  and  all  the  cyanuret  of  potassium  is  converted  without  any  loss 
into  the  ferrocyanuret  $  the  solution  can  be  evaporated  withinit  decomposiuon,  and  the 
sulphate  of  potassa  is  easily  separated  by  crystallization.  The  raw  solution  gtoenHy 
contains  some  sulphocyanuret  of  potassium,  sulphnret  of  potassium,  formate  and  car« 
bonate  of  potassa,  all  of  which  remaiB  ia  the  mother  liquor. 
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salution  in  brilliant  yellow  flakes.    Is  converted  by  nitric  acid,  with   g*^  m* 
the  escape  of  cyanogen,  and  by  chlorine,  into  the  ferrid-cyanuret  of 
potassium.     At  a  red  heat  it  is  decomposed  into  the  carburet  of  iron 
and  cyanuret  of  pptassium,  but  by  the  action  of  atmospheric  air  the 
letter  is  converted  into  cyanate  of  potassa. 

1811.  The  ferrocyanuret  of  potassium  forms  double  compounds  Um. 
with  other  ferrocyanurets.     It  is  used  as  a  test  for  the  oxide  of  iron 

in  solution.  When  thus  employed,  however,  it  must  be  remem- 
bered that  the  solution  must  not  have  an  alkaline  reaction,  for  all 
solutions  of  oxide  of  iron  which  contain  .free  ammonia  are  not  preci- 
pitated by  the  ferrocynnuret  of  iron. 

It  is  used  for  the  preparation  of  hydrocyanic  acid,  percyanuret  of 
mercury,  Prussian  blue,  &c. ;  taken  in  largo  doses  is  purgative  and 
not  poisonous.* 

1812.  Ferrocyanuret  of  Mercury.     On  mixing  a  solution  either  Femcim* 
of  pro-  or  peroxide  of  mercury  with  ferrocyanuret  of  potassium  a  white  ^^^ 
precipitate  falls,  which  spontaneously  decomposes  into  cyanuret  of 
mercury  which  is  re-dissolved,  and  into  cyanuret  of  iron.     This 
chan^  is  rendered  more  rapid  by  the  aid  of  beat,  and  metallic  mer- 
cury is  separated  when  a  proto-salt  of  mercury  has  been  used. 

1813.  Ferrocyanuret  of  potassium  produces  white  precipitates  with  Colour  of 
the  salts  of  silver,  zinc,  and  bismuth.,  a  greenish-white  with  those  C'^JcS** 
of  nickel,  and  green  with  cobalt ;  but  the  latter,  by  taking  up  water, 
become  reddish-gray  ;  with  ^alts  of  protoxide  of  manganese  a  white 
precipitate  is  first  formed,  but  it  afterwards  acquires  the  colour  of 
peach-blossoms. 

1814.  Sesqui'ferrocyanvret  qf  Iron.  Discovered  by  Diesbach  in  prosrian 
Berlin  in  1710,  from  which  it  became  generally  known  as  Prussian  bl«e. 
or  Berlin  blue.  It  is  formed  whenever  a  salt  of  peroxide  of  iron  is 
added  to  a  soluble  metallic  ferrocyanuret ;  compounds  similar  in  co- 
lour, but  different  in  constitution,  although  likewise  known  by  the 
name  of  Prussian  blue,  may  be  obtained  by  precipitating  the  ferrid- 
cyanuret  of  potassium  by  a  salt  of  the  protoxide  of  iron,  or  by  preci- 
pitating the  ferrocyanuret  of  potassium  by  a  proto-salt  of  iron,  adding 

an  acid,  and  exposing  the  precipitate  io  the  air  until  it  becomes  blue. 

By  precipitatiog  a  solution  of  perchloride  or  perniu'ate  of  iron  bv  ferrocyanuret  Process, 
of  potassium,  care  beinc  taken  to  avoid  an  excess  of  the  latter.  Or  by  dissolving 
6  parts  of  green  vitriol  and  (i  parts  of  ferrocyanuret  of  potassium  eacb  by 
itself  in  15  parte  of  water,  mizinr  tbe  two  solutions,  and  thun  adding  to  them  1 
part  of  concentrated  snlphuric  acid  and  24  parts  ^  fuming  hydrochloric  acid  un- 
der constant  stirring.  After  some  hours  the  whole  should  be  treated  with  a 
clear  solution  of  1  part  of  bl^aching^powder  in  80  of  water,  added  in  successive 
portions,  care  bein^  taken  to  stop  the  addition  of  the  bleaching  liquid  as  soon  as 
an  effervescence  arising  from  the  escape  of  chlorine  gas  is  observed.  After  stand- 
ing some  hoors,  the  precipitate,  should  be  thorou|(hTy  waabedt  and  dried,  either 
at  common  or  hi^h  temperatures.  Or  the  precipitate  may  be  treated  with  dilute 
nitric  acid  till  it  is  rendered  of  a  deep  blue  colour.  This  yields  the  finest  pro- 
duett 

1815.  Prussian  blue  dried  at  common  temperatures  is  a  light  po-  Properties, 
rous  body  of  a  deep  velvet-blue  colour;  dried,  on  the  contrary,  at 

high  temperatures,  it  has  a  deep  copper-red  colour,  but  the  powder 

*  For  other  ferrocyanurets  see  Liebig  and  Tamer's  EtemeniSf  780. 

t  Hoehstitter. 

t  For  details  of  the  manufsetnre,  set  Urs's  DieL  Artt  and  Manvif.  1040. 
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ci>tp«  VJ«  is  blue ;  it  is  tasteless,  insoluble  in  water  atid  dilute  acids^  and  is  not 
poisonous.  The  painter's  Prussian  blue  of  commerce  contains  Tan- 
able  quantities  of  earthy  matter.  When  heated  in  close  vessels, 
water,  hydrocyanic  acid,  and  carbonate  of  ammonia  are  evolved,  and 
carburet  of  iron  is  the  residue  ;  it  may  be  kindled  in  the  air  by  a 
red-hot  body,  when  it  burns  slowly  to  oxide  of  iron ;  it  is  decomposed 
by  fuming  nitric  acid,  but  strong  sulphuric  acid  unites  with  it,  form- 
ing a  white  mass  of  the  consistence  of  paste.  Concentrated  hydro- 
cyanic acid  deprives  it  of  its  iron,  and  liberates  the  hydfo-ferrocyanic 
acid;  sulphuretted  hydrogen  whitens  it,  but  the  colour  returns  on 
exposure  to  the  air ;  metallic  zinc  and  iron  have  a  similar  action. 
By  peroxide  of  mercury  it  is  decomposed  into  percyanur^t  of  mer- 
cury, and  an  insoluble  mixture  of  oxide  and  cyanuret  of  iron ;  by 
alkalies,  into  soluble  ferrocyanurets  and  peroxide  of  iron. 
Chemical  1816.  In  reference  to  the  constitution  of  this  compound,  it  is 
emutita-  known  with  certainty  that  it  difTers  from  all  other  ferrocyanurets. 
It  contains  hydrogen  and  oxygen,  which  cannot  be  separated  without 
the  decomposition  of  the  compound,  so  that  it  must  be  considered  as 
formed  by  the  union  of  hydro-ferrocyanic  acid  with  the  peroxide  of 
iron  combined  without  redaction.  According  to  the  experiments  of 
Berzelius,  the  weight  of  the  iron  of  the  hydro-ferrocyanic  acid  is  to  that 
of  the  oxide  as  3  :  4 ;  from  this  it  may  be  concluded  that  its  forma- 
tion is  owing  to  the  decomposition  of  3  eq.  of  ferrocyanuret  of  po- 
tassium, and2eq.  of  peroxide  of  iron^  into  6  eq.  of  a  potassa  salt  and 
into  Prussian  blue. 


2^1^60  } -(3Cfy+2Fe.)-|-6KO. 


E^tof         1817.  Prussian  blue  becomes  white  in  the  direct  rays  of  the  sun, 
^  ^         and  cyanogen  is  evolved ;  but  in  the  dark  it  absorbs  oxygen  and  re- 
covers its  colour.*    This  change  of  colour  in  substances  dyed  with. 
Prussian  blue  in  solar  light,  arises  from  a  peculiar  decompositioD  ; 
the  recovery  of  the  colour  is  owing  to  the  formation  of  the  so-called 
basic  Prussian  blue. 
Fenocya-        1818.  When  concentrated  solutions  of  the  salts  of  baryta,  strontia, 
aareuwith  lime,  magnesia,  protoxide  of  iron,  protoxide  of  manganese,  copper, 
iTuSa**^    ^"^  ^^^  added  to  a  solution  of  the  ferroc3ranurets  of  pottisstum,  white 
bulky,  frequently  crystalline,  precipitates  are  formed,  which  arise 
from  the  replacement  of  1  eq.  of  potassium  by  1  eq.  of  the  other 
metal.     These  double  ferrocyanurets  which  contain  an*  alkaltoe  me* 
tal,  although  with  difficulty,  are  nevertheless  soluble  in  water;  they 
contain  water  of  crystallization;  when  dried  at  a  high  temperature 
they  glow  with  a  brilliant  light,  and  cyanate  of  potassa  is  formed.i' 
Fnrocyt-        1819.  Ferrocyanuret  of  Potassium  and  Iron  is  obtained  in  the 
nuretof  po-  form  of  a  bluish-white  precipitate  when  a  sah  of  the  protoxide  of  iron 
tiMwijiin      18  added  to  a  solution  of  the  ferrocyanuret  of  potassium.     By  the 
"^'''    action  of  chlorine  or  nitric  acid  3  eq.  of  potassium  and  1  eq.  of  iron 
are  removed  from  3  eq.  of  the  compound ;  Prussian  blue  is  lefL     Ex- 
posed to  the  air  it  absorbs  oxygen  and  becomes  blue ;  when  waslied, 
the  ferrocyanuret  of  potassium  is  dissolved,  and  after  all  soluble 
aalts  are  removed  the  following  compound  is  left. 

*  CheTrtiil.  t  Ctmpbell. 
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1820.  Basic  SeMqid-firroeyianuret  of  Ircn.    By  contiDued  washing  s»ct  m. 
the  preceding  salt  dissolves,  without  leaving  any  residue  of  oxide  of  Basic  ses- 
froB^  to  a  beautiful  deep  blue  solution,  which  may  be  again  evapo-  qai-fonocy- 
rated  to  dryness  without  decomposition.     The  addition  of  any  saltiH^a^  ^ 
causes  the  separation  of  the  compound  ;  the  precipitate  may  be  re- 
dissolved  in  pure  water,  and  is  not  thrown  down  by  alcohol.'"'     The 
formation  of  this  soluble  salt  is  prevented  hy  the  presence  of  a  strong 
aeidi  which  unites  with  the  peroxide  of  iron,  and  Prussian  blue  is 
left. 

.  1831.  Ferrocyanuret  of  Potassimm — Sesqui-ferrocyanuret  of  Iron,  ^^^^T^- 
The  blue  precipitate  which  falls  when  a  salt  of  the  peroxide  of  iron  J^'Sam.^' 
is  added  to  a  solution  of  ferrocyanuret  of  potassium,  always  contains, 
when  the  iron  salt  is  in  excess,  variable  quantities  of  the  ferrocyanu* 
ret  of  potassium;  the  latter  may,  by  continued  washing  with  water, 
gradually,  although  with  great  dimcultyy  be  removed,  which  ac- 
counts for  the  constant  presence  of  potassium  in  the  Prussian  blue  of 
commerce ;  it  varies  from  2  to  9  per  cent.t 

1822^  Ferrocyanuret  of  Potassium — Ferrocyanuret  ofZinc,  is  ob-  Ferrocja- 
tained  by  precipitating  any  salt  of  zinc,  which  is  free  from  iron,  by  "?"*®'^ 
ferrocyanuret  of  potassium,  and  then  washing  and  drying  the  preci-  *^^' 
pitate«     It  is  a  white,  tasteless  powder,  is  insoluble  in  dilute  acids, 
and  contains  2  eq.  of  ferrocyanogenj  1  eq.  potassium,  3  eq.  of  zinc, 

and  12  eq.  of  water  =  2Cfy  +    \  ^^  |  +  12  aq.      A  blue   tint 

shows  the  presence  of  Prussian  blue.     It  is  used  in  medicine. 

1823.  Ferrid-cyanogen,     By  treating  a  solution  of  ferrocyanuret  ^'•'"^•cy*- 
of  potassium  with  chlorine  a  new  compound  of  potassium  is  formed,  ''^'8^* 
the  radical  of  which  contains  twice  as  much  cyanogen  and  iron  as 

exists  in  ferrocyanogen.  It  may  be  called  ferrid-cyanogen  ;  it 
unites  with  3  eq.  of  hydrogen  and  forms  a  tribasic  acid. 

Its  formula  is  6Cj4-2Fe ;  i7ntb.=sCfdy ;  w^,=2H.34, 

The  formula  of  bydro-ferridcyanic  acid  11        -  •  Cfdy  +  3H 

ftirridcyanuret  of  potassium     -  r  Cfdy  +  3K 

ferridcyanuret  of  iron  (Prussian  blue)  Cfdy  +  3Fe 

1824.  Hydro'ferridcyanic  Acid  unites  with  metallic  oxides,  form-  Hjrdro-fer 
ing  water  and  a  metallic  ferridcyanuret;  of  these  the  <^^i"pounds  J^9J"2^ 
with  the  metals  of  the  alkaline  earths^  as  also  that  corresponding  tOmettUie 
the  peroxide  of  iron,  are  soluble  in  water ;  all  others  are  insoluble 

*Two  eq.  ferrocyanuret  of  potassium  and  iron  contain  1  eq.  of  ferrocyanaret  of  po- 
tassium and  3  eq.  of  ferrocyanuret  of  iron  (SFe+aCfy) ;  of  these  6  eq.  of  iron,  2  are 
cooTerted  into  peroxide  by  the  absorption  of  oiygen,  and  the  fierrocyannret  of  potassi- 
um is  dissoif ed  \  so  that  the  soluble  blue  compound  must  be  represented  by  the 

formula  |   pejOs  \  "^^  ^^^*  which  corresponds  to  a  compound  of  1  eq.  of  Prussian 

blue  and  l  eq.  of  peroxide  of  iron. 

t  If,  instead  of  the  salt  of  peroxide  of  iron,  the  ferrocyanuret  of  potassium  be  in  ex- 
cess, the  precipitate  is  likewise  blue,  but  it  is  a  mixture  of  Prussian  blue  with  a  com- 
pouud  composed  of  Prussian  blue  and  ferrocyanuret  of  potasssium  eq.  to  eq.  2Cfy-|- 

2;     ( .    On  washing,  the  latter  is  dissoWed,  giting  a  deep  blue  solution,  which  may 

be  evaporated  without  decomposition,  when  it  is  obtained  as  a  deep  blue  mass  pos- 
sessed of  a  strong  lustre.  It  is  precipitated  by  the  addition  of  a  salt  to  its  solution, 
without  however  losing  its  solnhiUty  in  pure  watery  it  is  distinguished  from  the  soiu- 
bis  basic  Prussian  blue  by  being  precipitated  from  its  solution  by  alcohol. 
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Ch»p,vi.  in  water.    The  latter  may  be  prepared  by  the  mutual  decomposition 

of  a  soluble  ferridcyanuret  and  the  corresponding  metallic  salt. 
Farridy.       1825.  Ferridcyanuret  of  Potassium.    KsCfdy;  eq.=331.79.  Di»- 
potusiom.  covered  by  L.  Gmelin,  is  prepared  by  passing  a  stream  of  chlorine 
gas  through  a  solution  of  ferrocyanuret  of  potassium,  until  it  no 
longer  gives  a  blue  precipitate  with  salts  of  the  peroxide  of  iron ;  the 
solution  is  then  evaporated,  and  the  crystals  obtained  by  cooling  pa- 
ri Bed  from  the  admixture  of  chloride  of  potassium  by  re-crystalliza- 
tion.* 
Piopertiei.      1826.  They  are  transparent  right  rhombic  prisms  of  a  red  colour 
and  high  lustre,  anhydrous,  permanent  in  the  air,  and  soluble  in  3.8 
parts  of  cold,  but  more  freely  in  hot  water;  burn  when  held  in  the 
flame  of  a  candle  with  brilliant  scintillations ;  heated  in  close  ves- 
sels, cyanogen  and  nitrogen  gases  aire  evolved,  a  mixture  of  carburet 
of  iron  and  ferrocyanuret  of  potassium  is  the  residue.    The  aqueous 
solution  is  decomposed  by  hydrochloric  or  sulphuric  acid ;  in  the  last 
case,  sulphur  and  cyanuret  of  iron  are  precipitated,  and  ferrocyanu- 
ret of  potassium  and  prussic  acid  are  formed.     It  is  one  of  the  most 
delicate  tests  for  the  protoxide  of  iron,  with  which  it  forms  a  precipi- 
tate similar  to  Prussian  blue ;  peroxide  of  iron  is  not  precipitated. 
Venid-cjMr      1837.  Ferridf^anuret  of  Iron,     This  compound  is  likewise  sold 
ino^  ^^      '"  commerce  as  Prussian  blue,  but  it  is  of  a  lighter  colour  and  difiers 
from  it  altogether  in  constitution.     It  is  prepared  by  precipitating 
a  solution  of  the  protosulphate  of  iron  by  ferridcyanuret  of  potassiumt 
or  by  a  mixture  of  ferrocyanuret  of  potassium  and  hypochlorite  of 
soda,  to  which  a  certain  quantity  of  hydrochloric  acid  has  been  ad- 
ided.     In  this  kind  of  Prussian  blue  the  three  equivalents  of  potassi- 
tum  of  the  ferridcyanuret  of  potassium  are  replaced  by  3  eq.  o(  iron. 
TiiniMt*t       1828.  The  peculiarly  beautiful  Prussian  blue  sold  in  commerce 
blue-  under  the  name  of  Turn  bull's  blue,  is  the  ferridcyanuret  of  iron  ;  it 

is  easily  recognised  by  its  action  on  ferrocyanuret  of  potassium,  for 
'  being  boiled  in  a  solution  of  the  latter  it  is  decomposed  into  ferrid- 

cyanuret of  potassium,  which  is  dissolved,  and  into  an  insoluble  gray 
residue  of  ferrocyanuret  of  iron  and  ferrocyanuret  of  potassium.! 
CoDttita-        1829.  According  to  Berzelius,  the  cyanurets  form,  by  uniting  with 
2"*^^£*^  each  other,  double  compounds  similar  to  the  double  salts,  which  are 
KUsoooi^  produced  by  the  oxacids ;  in  these  compounds,  therefore,  1  eq.  of 
ding  to       cyanuret  oi  iron  is  united  with  2  eq.  of  another  cyanuret,  the  consti- 
Befxelios,    ^utjon  being  such,  if  the  metals  be  considered  united  with  oxygen,  as 
would  be  expressed  by  saying  that  the  oxygen  in  the  protoxide  of 
iron  is  equal  to  one  half  that  in  the  other  metallic  oxides. 
Aowidiiig       1830.  According  to  Graham,  the  ferrocyanurets  are  formed  from  a 
*"  peculiar  acid,  the  eq.  of  which  is  triple  of  that  of  the  hydrocyanic 
acid ;    it  contains  3  eq.  of  cyanogen,  which  constitutes  a  radical 
called  prussine  in  combination  with  3  eq.  of  hydrogen.     This  acid  is 
accordingly  a  tribasic  hydrecid  corresponding  to  the  cyanuric  nzid ; 
in  uniting  with  a  metallic  oxide  three  eq.  of  hydrogen  are  replaced 
by  their  eq.  of  the  metals. 


toGnhooi. 


*  Its  formttion  it  owina  to  the  decomponitioii  of  9  eq,  of  ferromnarat  ofpotssanoi. 
9  Cfv  +  4  K.  by  I.  eq.  of  chlorine  into  l  eq.  of  lenridcyanQiet,  Cfdy  +  8  KT,  wad  1  eq. 
of  chloride  urpotusiiim,  KCl. 

t  Csmbell.    For  CobaUa-Cjftmwrwti,  see  T.  sad  L.  EUm.  7SS. 


bdide  of  Cyanogm^  ^^^ 

1S31.  Chloride  of  Cyanogen.    Two  compounds  of  chlorioe  with   Stct-iii. 
cvfinogeo  are  known,  and  these  are  isomeric  in  their  constitution.  Chloride  of 
The  one,  which  at  common  temperatures  is  gaseous,  was  discovered  Cywogea. 
by  6ay-Lussac;  the  other,  which  is  a  crystalline  solid,  by  Serulias. 

1832.  Gaseous  Chloride  of  Cyanogen,  CyCl  ?  is  formed  when  (^wwwm 
chlorine  gas  is  transmitted  into  hydrated  prussic  acid,  when  moist  ^yJ^J^J/ 
bicyanuret  is  placed  in  an  atmosphere  of  chlorine  in  the  dark,  or 

when  mellon  is  heated  in  dry  chlorine  gas.  

1833.  This  compound,  which  is  gaseous  at  common  temperatures,  P^^P*"^"*** 
has  a  most  powerful  penetcating  odour,  excites  the  eyes  to  a  copious 

flow  of  tears^  becomes  solid  at  0^,  and  forms  long  acicular  needles, 
which  fuse  at  ff*  and  boil  at  10° ;  but,  under  a  pressure  of  four  at- 
mospheres, it  is  still  liquid  at  70.°  If  the  liquid  be  introduced  into 
glass  tubes  and  hermetically  sealed,  it  is  gradually  converted  into 
the  solid  chloride,  and  regular  crystal  of  the  following  compound 
are  obtained. 

1834.  Water  dissolves  25,  alcohol  100,  and  ether  50  times  its  vo-  ^^^!^ 
lume  of  the  gas  without  change.     It  is  decomposed  by  the  alkalies ;  ^^    ' 
salts  of  the  protoxide  of  iron  are  rendered  of  a  deep  green  colour 

when  an  alkali  is  added  to  the  mixture^ 

1835.  If  moistened  bieyanuret  of  mercury  in  chlorine  gas  be  ex-^^^V*>^« 
posed  to  solar  light,  a  heavy  oily  liquid  of  a  yellow  colour  is  formed, 
which  is  insoluble  in  water»  and  has  the  same  odour  as  the  gaseous 
chloride  ;  the  same  substance  appears  to  be  formed  by  the  action  of 
chlorine  upon  the  fulminate  of  silver.     If  it  be  dissolved  in  alcohol, 

and  its  solution  thrown  into  water,  a  crystalline  substance  like  cam* 
phor  is  precipitated  ;  on  exposing  a  mixture  of  moist  chlorine  and 
chloride  of  cyanogen  gases  to  the  sun's  rays,  two  oX\\ex  solid  com- 
pounds appear  to  be  formed. 

1836.  Solid  Chloride  of  Cyanogen.  Discovered  by  Serulias.  It  ^jj^^,^*®". 
is  formed  by  exposing  dry  chlorine  gas  and  anhydrous  hydrocyanic  "q^,  *^' 
acid  to  the  sun's  light;  hydrochloric  acid  and  the  solid  chloride 

which  is  deposited  in  crystals,  are  formed.  It  may  also  be  forme4 
by  heating  sulphocyanuret  of  potassium  in  a  stream  of  dry  chlorine 
gas. 

1837.  In  the  pure  state  it  is  white,  sublimes  in  long  transparent  Properties, 
crystals,  has  a  penetrating  odour  similar  to  the  excrement  of  mice, 

and  a  sweet  biting  taste ;  its  sp.  gr.=1.32 ;  fuses  at  284°,  sublimes 
at  374°.  By  digestion  in  water  at  a  gentle  heat,  it  is  decomposed 
into  cyanuric  and  hydrochloric  acids,  from  which  its  constitution 
must  be  represented  by  the  formula  GysCla.  It  is  soluble  in  absolute 
alcohol  and  ether  without  decomposition. 

1838.  Iodide  of  Cyanogen.  Cyl.  Formed  by  heating  dry  cyanuret  Iodide  of 
of  mercury  or  silver  with  iodine  ;*  most  conveniently  by  heating  a  *7"*°8*"* 
mixture  of  bicyanuret  of  mercury,  iodine,  and  water)  in  a  retort,t 

when  at  a  gentle  temperature  the  iodide  sublimes,  and  collects  in 
the  neck  of  the  retort  as  a  fine  crystalline  snow,  or  in  long  needles. 
The  crystals  have  a  penetrating  odour,  which  excites  a  flow  of  tears, 
may  be  dissolved  in  alcohol,  ether,  and  water  without  decomposition, 
and  are  perfectly  volatilized  at  100°. 
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4^  Cyanogtn  and  itt  Campaundi. 

O^P'V^'       1830.  Cyanogen  and  Sulphur. — Stdj^o^yanotgenj  BisulphurH  of 
CyanoMii    Cyanogen,  Gy-f-2S,  Symb.=C8y ;  eq.c=^.59.  Discovered  bv  Lie- 
•Dd  snl-      \y\g^    Prepared  by  saturating  a  concentrated  solution  of  a  metallic  sul- 
"^   *         phocyanuret  with  chlorine,  or  by  heating  it  with  nitric  acid  ;  it  falls  in 
the  form  of  a  deep  yellow,  amorphous  powder,  which  retains  its  colour 
when  dry ;  is  light,  porous;  is  insoluble  in  water,  alcohol,  and  ether, 
but  IS  dissolved  by  Htrong  sulphuric  acid  from  which  it  is  precipitated 
by  water.  It  is  decomposed  by  nitric  acid  and  by  potassmm  with  the«id 
of  heat,  giving  rise  to  the  formation  of  the  sulphuret,  cyanupet,  and 
sulphocyanuret  of  potassium.     Its  decomposition  by  the  action  of 
heat  is  peculiarly  remarkable,  the  products  of  its  destructive  distilla- 
tion being  sulphuret  of  carbon,  aulphur,  and  the  residue  mellon, 
which  at  a  high  temperature  is  decodoposed  into  nitrogen  and  cyano- 
gen gases. 
Hjdro-8al-      1940.  Hydro^wlphocyanic  Add*    Csy-f-H,  eq.  59.63.     Discover* 
p^mnic   ^j  |)y  SiqIc.   Occurs  in  the  seeds  and  blossoms  of  ttie  Grucifere  (Se- 

napis,  jcc.),  and  in  the  saliva  of  roan  and  sheep. 
ObiBined.  1841.  By  decomposing  the  basic  aulphocyanuret  of  lead  4>y  dilute 
sulphuric  acid,  care  being  taken  to  leave  some  lead  in  the  solution, 
which  is  afterwards  separated  by  hydrosulphuric  acid  gas;  or  by 
decomposing  sulphocyanuret  of  silver  in  10  volumes  of  water  by  the 
same  gas. 
PiopertMf.  1842.  A  colourless  Huid  of  a  pure  acid  taste,  which  by  the  action 
pf  the  air,  and  on  being  heated,  readily  decomposes  into  a  variety  of 

firoducts ;  one  of  these  deposits  itself  from  the  acid  as  a  lemon-yel- 
ow,  in  water  insoluble,  powder.     It  cannot  exist  without  water ;  on 
treating  the  aqueous  acid  with  chlorine  or  nitric  acid,  it  is  deprived 
of  'hydrogen,  and  sulpho-cyanogen  is  precipitated.:  by  a  further  ac^ 
tion  cyanic  and  sulphuric  acids  are  formed,  but  the  former  is  at  once 
decomposed  into  carbonic  acid  and  ammonia.     It  colours  the  salts  of 
peroxide  of  iron  blood-red,  and  is  not  poisonous. 
SQlphocv-       1843.  Hydro*mlpkocyanic  Acid  and  Ammonia — Sulphocyanuret  of 
tmimmi.     -Ammonium,     NH4+CySa;    eq.=76.74.     By  saturating  the  acid 
am.  v/ith  ammonia  and  gently  evaporating,  a  semi-fluid  saline  mass  is 

obtained,  which,  at  a  higher  temperature,  suffers  a  peculiar  decom- 
position. At  first,  ammoniacal  gas  is  evolved,  then  sulphuret  of 
carbon,  and  at  last  the  protosulphuret  of  ammonium  is  sublimed. 
The  residue,  when  the  beat  has  not  been  driven  too  far,  consists  of 
roelam,  or  of  a  mixture  of  melam  with  mellon. 

Sulphocyanuret  of  ammonium  is  also  formed  by  adding  sulphuret 

of  carbon  to  alcohol,  which  has  been  saturated  with  ammonia. 

Metallic  1844.  Metallic   ndphocyanurets.    The  hydro-sulphocyanic  acid 

■nlphocya-  tnust  be  considered  as  a  compound  analogous  in  its  constitution  to 

Borett.        jjjg  hydrated  cyanic  acid,  the  oxygen  of  the  latter  having  been 

replaced  by  its  equivalent  of  sulphur.     Considerecl  as  a  hydracid, 

the  formula  of  the  hydrated  cyanic  acid  would  be 

CyO|-|-H,  corresponding  to  that  of  the  hydro-sulpho- 
cyanic acid,    CySt-}-H. 

On  its  being  brought  into  contact  with  the  metallic  oxides,  the 
hydrogen  is  replaced  by  1  eq.  of  the  metal.  The  soluble  metallic 
sulphocyanuret  may  be  formed  : — by  the  action  of  the  acid  on  the 
metallic  oxide,  by  heating  the  higher  sulphurets  of  the  alkaline  me* 
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laflsto  redness  in  cyanogen  gas,  or  by  conducting  <:yBnogen  gas  into    B^t.  m» 
their  solution,  by  heating  or  fusing  the  soluble  metallic  cyanurets 
with  sulphur,  or  the  insoluble  cyanurets  with  the  soluble  sulphuret. 

1845.  The  ^soluble  metallic  sulphocyanurets  colour  the  salts  of  Pjr*>F*'^** 
peroxide  of  iron  blood-red-;  are  decomposed,  when  heated  in  dry  ^etaUic* 
hydrochloric  acid  gas,  into  metallic  .chlorides. and  anhydrous  hydro*  sulphoeya- 
sulphocyanic  acid,  hut  the  latter  instantly  decomposes  into  other  pro-  '>'>"^- 
ducts.     The  sulphocyanurets  of  the  alkaline  metals,  when  dry,  bear 

a  strong  heat  without  decomposition,  but,  if  oxygen  be  present,  they 
are  converted,  with  the  evolution  of  sulphurous  acid,  into  salts  o^ 
cyanic  and  sulphuric  acids ;  those  of  the  heavy  metals  are  decom- 
posed'by  the  red  heat  into  mixtures  of  metallic  sulphurets  and  mel- 
Jon,  this  change  being  generally  accompanied  by  the  evolution  of 
sulphuret  of  carbon  and  sulphur;  at  a  higher  temperature  the  resi- 
due evolves  cyanogen  and  nitrogen  gases  in  the  proportion  of  3 :  1. 
Heated  to  redness  in  chlorine  gas,  they  give  rise  to  metallic  chlo--^^^^'^ 
rides,  mellon,  chlorides  of  sulphur  and  cyanogen,  and  a  small  quan-  ^  °"^' 
tity  of  the  sulphuret  sublimes  unchanged;  they  are  most  of  them 
soluble  in  alcohol.  The  proto-salts  of  mercury  are  decomposed  by 
the  soluble  sulphocyanurets  into  metallic  mercury  which  is  deposi- 
ted, and  into  the  soluble  bisulphocyanuret.  All  the  soluble  sulpho* 
cyanurets  form  with  the  bicyanuret  of  mercury  double  compounds, 
which  are  readily  obtained  in  crystals. 

1846.  Srdphocyantaret  of  Potassium,  KCsy;  eq.  97.74.  Fer- ''^^phocyi- 
rocyanuret  of  potassium,  gently  roasted  to  drive  ofi*  water  of  crystal-  S^jj^triBiiiL 
lization,  is  mixed  in  the  form  of  a  fine  powder  with  half  its  weight 

of  flowers  of  sulphur,  and  the  mixture  fused  in  an  iron  vessel  at  a 
low  red  heat,  until  the  bubbles  of  gas  which  escape  through  the 
melted  mass  inflame  in  the  air  and  burn  with  a  red  light.  The  mass 
when  cold  is  dissolved  in  boiling  water,  and  treated  with  a  solution 
of  carbonate  of  potassa  as  long  as  a  turbidity  is  produced  ;  the  whole 
is  then  boiled  for  a  quarter  of  an  hour,  and  the  clear  liquid  separated 
from  the  precipiuited  iron  by  filtration-  On  evaporation  crystals  are 
obtained,  which  are  separated  from  the  admixture  of  carbonate  of 
potassa  by  being  re-dissolved  in  alcohol. 

1847.  Crystallizes  in  long  striated  colourless  prisms,  which  are  Propertiet. 
anhydrous,  of  a  cooling,  somewhat  biting  taste,  fuse  much  below  the 

red  heat  to  a  clear  liquid  ;  deliquesces  in  a  moist  atmosphere,  very 
soluble  in  hot  alcohol,  from  which  it  crystallizes  on  cooling.^ 

1848.  Cyanogen  and  Water,    A  solution  of  cyanogen  in  water  Prodncta  of 
acquires  rapidly  in  the  light,  but  more  slowly  in  the  dark,  a  brown  poiiti^"f 
colour,  and  a  brown  flocculent  precipitate  falls  ;  the  solution  is  then  cyaoog«n 
found  to  contain  carbonic  acid,  prussic  acid,  ammonia,  urea,  and  ox-  "°^  ^^ 
alate  of  amroonia.t  ponndB. 

1849.  The  different  products,  which  arise  from  the  reaction  of  cyanogtn 
cyanogen  and  water,  are  without  doubt  the  results  of  several  perfectly  and  waur. 
independent  decompositions.     One  eq.  of  cyanogen  and  3  eq.  water 
contain  the  elements  of  1  eq.  of  anhydrous  oxalate  of  ammonia  ;  2 

eq.  cyanogen  and  1  eq.  water,  the  elements  of  1  eq.  of  cyanic  and  1 
eq.  of  hydrocyanic  acid.     Carbonate  of  ammonia  is  formed  from  the 

*For  othefs,  sae  T.  and  L.794.  t  Wohler. 
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g»P»  n.  decomposition  of  cyanic  acid,  and  three  equivaleiits  of  water ;  urea, 
by  the  union  of  cyanic  acid  with  ammonia  and  water. 

CyiooKeo  1850.  Cyanogen  and  AmmofdeL  If  cyanogen  gas  be  conducted 
into  liquid  ammonia,  a  decomposition  similar  to  that  produced  by 
water  ensues,  but  in  a  much  shorter  time.  A  large  quantity  of  a 
brown  substance,  which  contains  ammonia  in  chemical  combination, 
is  deposited. 

By  heating  this  brown  precipitate  to  redness,  paracyanogen,  water, 
and  carbonate  of  ammonia  are  obtained ;  this  decomposition  is  rea- 
dily explained,  when  it  is  considered  that  this  product  may  be  con^ 
sidered  as  a  compound  of  cyanogen  (C4N9)  with  ammonia  and  cyanic 
acid ;  the  hitter  of  which,  by  decomposing  with  3  eq.  water,  forms  2 
eq.  of  carbonic  acid  and  1  eq.  of  ammonia. 

Puseyn-  1851.  Paracifanogen.  Discovered  by  Johnston.  Formed  b^ 
heating  to  redness  the  brown  precipitate  formed  by  the  decomposi- 
tion of  cyanogen  with  water  or  ammonia ;  left  in  small  quantity  on 
decomposing  bicyanuret  of  mercury  in  a  retort  by  heat.* 

1852.  Cyanilie  Acid.  By  a  long*continued  boiling  of  mellon  in 
dilute  nitric  acid,  a  solution  is  effected  with  the  evolution  of  gaseous 
products,  and  the  liquid  yields  on  evaporation  colourless,  transparent, 
octohedral  crystals ;  by  revolution  in  hot  water,  hydrated  cyanilie 
acid  in  soft  tebular  crystals  of  a  mother-of-pearl  lustre  are  obtained. 
This  acid  has  the  same  composition  as  the  crystalline  cyanuric  acid ; 
contains,  like  the  latter,  4  eq.  water  of  crystallization,  which  it  loses 
at  212°,  when  it  becomes  oiiaque  and  falls  to  a  white  powder.  By 
the  destructive  distillation  it  is  converted  into  hydrated  cyanic  acid ; 
by  solution  in  sulphuric  acid  and  caustic  potassa  into  cyanuric  acid. 

1853.  Cyanogen  and  Hydrosulphunc  Acid,  CytStH<  -}~  >^Q- 
Two  compounds  of  cyanogen  and  hydrosulphuric  acid  are  known, 
neither  of  which  are  formed  when  the  gases  are  mixed  in  a  dry  state, 
but  are  generated  by  the  direct  combination  of  the  gases  when  water 
is  present.  The  one  discovered  by  Gay-Lussac  is  obtained  by  mix- 
ing one  volume  of  cyanogen  with  one  and  a  half  volume  of  sulphu- 
retted hydrogen,  a  small  quantity  of  water  being  present ;  both  the 
gases  are  absorbed  by  the  water,  and  on  evaporation  it  deposits  long 
yellow  acicular  crystals,  a  solution  of  which  is  not  precipitated  by 
salts  of  lead.     The  other  compound  was  discovered  by  Wohler. 

pMpsnd.  It  is  prepared  by  conductiDx  ralpbaretted  hydrogen  into  a  tatarated  aolDtiott  of 
eyaoogeo  in  alcohol,  by  which  the  latter  la  rendered  yellow,  and  on  being  artifi- 
ciallv  cooled  deposits  ttiis  compound  of  cyanogen  and  sulphuretted  hydrogen  in 
bright  orange-red  crystals. 

Properties,  1854.  Insoluble  in  cold,  slightly  soluble  in  boiling  water.  Very- 
soluble  in  hot  alcohol,  from  which  it  may  again  be  obtained  in  crys- 
tals; soluble  by  alkalies  in  the  cold,  and  precipitated  unchanged  from 
the  solution  by  acids ;  but  on  the  application  of  heat  a  mixture  of  a 
metallic  sulpburet  and  a  sulphocyanuret  is  formed  ;  its  solution  pre- 
cipitates salts  of  silver,  lead,  and  copper. 

1855.  Hydro-sulphocyanic  Acid  and  Hydrosidpkuric  Add.  Dis- 
covered by  2ieise.  Prepared  by  saturating  1  volume  of  absolute 
alcohol  at  the  temperature  of  50   with  ammoniacal  gas,  and  adding 


Cyanogen 
and  hydro- 
solpaniie 
add. 


HydrosaU 
phocyanic 
acid  and 
hydrosal- 
.pnnricadd 


*For  products  of  the  decomposition  of  sulphocyaaogen,  mellon  (1726),  hydromcUo- 
nic  add,  &c.  see  T.  and  L.  Eum.  796. 
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to  the  Boltttion  a  mixture  of  0.16  vol.  of  bisulpburei  of  carbon,  and  ^•ct'  'V* 
0.4  Tol.  of  alcohol ;  the  whole  should  be  placed  in  a  well-stopped 

flass  vessel,  which  is  kept  perfectly  full  at  the  temperature  of  60"*. 
Vo  products  are  thus  produced,  of  which  the  one  is  a  compound  of 
ammonia  with  an  acid  formed  of  sulphuret  of  carbon  and  sulphuret- 
ted hydrogen ;  this  ammoniacal  salt  separates  in  the  course  of  some 
hours  as  a  crystalline  deposit,  and  the  residual  liquid  contains  ano- 
ther ammoniacal  salt,  the  acid  of  which  may  be  considered  as  a 
compound  of  hydro-sulphocyanic  acid  and  hydro-sulphuric  acid. 


Sbction  IV.     Hypothetical  Compounds  of  Cyanogen  and  Carbonic 

Oxide. 

1856.  Under  these  compounds  the  uric  acid  and  the  products  of  ^[P^'^f^' 
its  decomposition  are  described.     These  substances  are  distinctly  pounds  of 
separated  from  all  known  bodies  by  their  chemical  relations ;  an  qranogen 
explanation  of  their  formation  can  only  be  developed  by  making  cer-  ^^  ^d£w^ 
tain  hypotheses,  of  which  the  assumption  that  they  contain  cyanogen 
and  carbonic  oxide  is  a  deduction  drawn  from  their  analyses.     The 
compounds  belonging  to  this  group  are  uril,  uric  acid,  alloxan,  al- 
loxantin,  and  uramil.     (Uebig,  804.) 

1867.  The  uril,  or  urilic  acid,  which  may  from  its  composition  be  ^n^- 
also  called  the  cyan-oxalic  acid,  is  an  hypothetical  compound  of  ni- 
trogen, carbon,  and  oxygen,  according  to  the  formula  C8Ns04 ;  it 
may  be  considered  as  a  compound  of  cyanogen  and  carbonic  oxide 
2Cy-|-4C0,  or  as  oxalic  acid,  in  which  the  oxygen  which  unites  with 
the  radical,  carbonic  oxide,  has  been  replaced  by  its  eq.  of  cyanogen. 
C9O2   -f-0  .        •        .        Oxalic  acid. 

SlCgOg+Cy)         .  Cyan-oxalic  acid. 

If  this  acid  be  represented  by  the  symbol  til,  the  compounds  are 
represented  by  the  formula : 

Rational  formula.  Empirical  formula. 

SUI+1  eq.  urea  sUriaacid  =s        C10N4  U4  Oj 

2UHOH4aq.  =  Alloxan  .        s=        Cs  Ni  H4  O19 

2Ul+0+5aq.  ^Alloxantin  .        =        Cs  Ns  H5  Oio 

2Ul^leq.  amm.-f2aq.  =:UramiI  .        =        Cj  Ns  H5  Os 

1858.  Uric  Acid.  C,oN4H405,  or  2  U1+(C,0,+2NH2).  Discover-  Uric  acid, 
ed  by  Scheele ;  first  pointed  out  as  existing  in  the  excrement  of  snakes 

by  Yauquelin,  in  the  excrement  of  silkworms  by  Brugnatelli,  and  in 
cantharides  bvRobiquet.  Is  a  product  of  secretion  of  all  carnivorous 
animals,  of  birds,  and  of  many  insects ;  is  deposited  from  human 
urine  generally  in  combination  with  ammonia,  as  it  cools,  as  a  yellow 
or  brownish  powder ;  the  stone-like  concretions  in  the  joints  of  persons 
labouring  under  gout  contain  uric  acid  in  combination  with  soda 
or  ammonia ;  it  is  the  basis  of  most  calcareous  deposits  in  the  hu- 
man bladder.  The  semi-fluid  urine  of  serpents  and  birds  is  princi- 
pally composed  of  urate  of  ammonia.  The  guano  (the  decomposed  Guano, 
excrement  of  aquatic  birds,  which  covers  the  surface  of  many  of  the 
smaller  islands  of  the  South  Sea,  and  is  used  as  manure,)  is  also 
composed  in  greater  part  of  urate  of  ammonia. 

1859.  Urinary  calculi,  or  the  white  chalk-like  excrement  of  ser-  Proceaa. 


4^  l/ypotheHcal  CompounJh  of  Cyanogen. 

^^'^p-^''  pents,  is  reduced  to  a  fioe  powder  and  dissolved  in  a  solatioa  of 
caustic  potassa  by  boiling ;  the  solution  is  treated  with  hydrochloric 
acid  in  excess,  boiled  for  one  quarter  of  an  hour,  and  the  precipitate 
well  washed.  It  is  obtained  perfectly  pure  by  decomposing  a  satu- 
rated boiling  solution  of  urate  of  potassa  by  hydrochloric  acid. 

Praptrtes.  I860.  Crystallizes  in  fine  scales  of  a  brilliant  white  colour  and 
silky  lustre,  is  tasteless  and  inodorous,  heavier  than  water,  almost  in- 
solirble  in  coid,  slightly  soluble,  in  small  quantity,  in  boiling  water ; 
the  solution  reddens  feebly  the  vegetable  colours.  It  is  dissolved  by 
concentrated  sulphuric  acid,  from  which  it  is  precipitated  by  water ; 
in  strong  hydrochloric  acid,  it  is  somewhat  more  soluble  than  in  pure 
water. 

Prodvet  of       186f.  Exposed  to  the  destructive  distillation,  the  products  of  the 

dkl^ntioD^  decomposition  of  urea  are  obtained,  namely,  urea,  cyaauric  acid,  and 
cyamelid  (the  iusolu'ble  cyanuric  acid);  also,  hydrocyanic  acid,  a 
litle  carbonate  of  ammonia,  and,  as  a  residue,  a  brown  carbonaceous 
substance  which  is  rich  in  nitrogen.  In  this  decompositiva  the  hy- 
drated  cyanic  acid  in  combination  with  ammonia  is  deposited  in  the 
neck  of  the  retort  as  area ;  the  cyamelid  dissolved  in  potassa  forms 
cyan  urate  of  potassa. 

Aetioa  ol         1862.  Dissolves  in  dilute  nitric  acid  with  the  evolution  of  eoual 

nitneacMt.  volumes  of  pure  carbonic  acid  and  nitrogen ;  the  solution  contains 
alloxan,  alloxantin,  parabanic  acid,  and  ammonia ;  evaporated  and 
treated  with  ammonia  in  excess,  it  acquires  a  purple-red  colour,  a 
lest  by  which  uric  acid  may  be  recognised.  Fused  with  hydrate  of  po- 
lassa,  carbonic  acid,  and  cyanate  of  potassa^and  cyanuret  of  potassium 
are  obtained  ;  boiled  with  peroxide  of  lead  in  water,-  it  is  decomposed 
into  allantoin  and  oxalic  acid,  and  urea  is  separated.  Is  insoluble 
in  ether  and  alcohol.     With  sulphuric  acid   it  forms  a  ciystalline 

Uric  acid     compound.^ 

IklJddM.'  ^^^  ^^  ^^  ^^  the  Metallic  Oxides.  The  uric  acid  appears 
to  unite  with  the  metallic  oxides  without,  as  in  the  other  acids,  the 
separation  of  an  eq.  of  water ;  its  salts,  with  the  fixed  alkalies  and 
alkaline  earths,  are  sparingly  dissolved  by  coid,  but  more  freely  by 
boiling  water ;  with  ammonia  and  the  other  oxides,  insoluble  com- 
pounds, generally  of  a  white  colour,  are  formed.  All  urates  are  de* 
composed  by  other  acids,  even  by  acetic  acfd  ;  the  uric  acid  is  at  first 
separated  as  a  bulky  gelatinous  mass,  but  it  shortly  afterwards  chan- 

^J"J"^     ges  into  a  fine  crystalline  powder. 

'"^**  1864.   Urate  of  Potassa.    Impure  urate  of  ammonia  (the  excre- 

ment of  serpents)  is  dissolved  by  bojiing  in  a  dilute  solution  of  caus- 
tic potassa ;  and  the  clear  liquid,  obtained  by  separating  the  insolu- 
ble portions  by  filtration,  is  evaporated.  On  cooling,  the  urate  of 
potassa  separates  as  a  white  crystalline  mass,  which,  when  washed 
by  cold  water  and  dried,  yields  a  powder  composed  of  fine  acicolar 
crystals  of  a  silky  lustre ;  these  crystals  are  very  sparingly  soluble  in 
cold  water,  and  the  alkaline  reaction  is  scarcely  perceptible.  Uric 
acid  is  more  soluble  in  carbonate  of  potassa  than  in  pure  water ;  and 

Uratt  of     one  half  of  the  carbonate  is  decomposed. 

1865.  Urate  of  Soda.    The  action  of  uric  acid  upon  pure  and 
carbonate  of  soda  is  the  same  as  above  described  for  potassa ;  this 

*Fhusekt. 


-mk  nm J  also  be  fecroed  iy  boUipg  uric  aoid  in  a  aolution  lof  borax ;  Batufw. 

it  18  the  principal  conslitaent  of  gouty  concretions.* 

1666.  AMantoin,   Frequeotly  called  allantoic  acid,    Occurs  ready  AUastdo. 

formed  ia  the  allantoic  fluid  of  the  cow  ;t  it  is  formed  when  uric  acid 

is  boiled  in  water  with  peroxide  of  lead.  I 

One  part  of  uric  acid  it  boiled  in  20  parts  of  water,  and  receatKy  preiMfed  and  Pioecaa. 
welUwaabed  peroxide  of  lead  ia  added  m  ffttcceaaiTe  portions  to  the  Doinn|;  liquid 
as  long  as  its  colour  ia  obaenred  to  cbaoge.  The  bot  liquid  should  be  filtered| 
and  evaporated  until  cryatala  are  obaerved  to  form  upon  its  surface.  Tbe  crys- 
tals which  bave  deposited  when  the  solution  has  become  quite  cold,  are  purine^ 
by  recr^stallization.  Or  the  allantoic  fluid  of  tbe  cow  mair  be  evaporateo  to  one 
quarter  its  vohime,  and  the  crystals  (brined  on  cooling  ana  long  standing  are  pu- 
.nfied  by  animal  charcoal. 

1867.  Small  transparent  and  colourless  prisms  of  the  right  rhom-  Prepanisa. 
lie  system,  which  have  a  glassy  lustre»  are  tasteless,  have  no  action 
on  vegetable  colours,  and  are  soluble  in  160  parts  of  cold,  but  more 
freely  in  hot  water.  It  is  soluble  in  nitric  acid,  and  is  decomposed 
by  it  when  the  solution  is  boiled  without  the  evolution  of  nitrous 
fumes.  Its  composition  is  such,  that  it  contains  the  elements  of  an- 
hydrous oxalate  of  ammonia  minus  3  eq.  water ;  this  explains  its  de- 
composition by  ,the  alkalies,  by  which  it  is  reduced  at  the  boilipg 
heat  into  an  oxalate  and  ammonia. 

1666.  Gently  heated  in  concentrated  sulphuric  acid,  it  is  decern*  Action  of 

Eosed  into  carbonic  oxide,  carbonic  acid  and  ammonia  ;  but  if  a  strong  ^^|^^ 
eat.be  rapidly  i^pplied,,the  acid  is  blackened.  It  is  soluble  in  cans-  ^^'  ^^ 
tieand  oarbottated>alkalies  by  the.aid  of  ageatle  beat, and  i|)av4)e 
again  6btained  lUndbanged  by  crystallization.  Aaokition  of  ailaffr 
toin  in  bot  water,  to  which  a  little  ^rnroonia  has  been  added.,  pro- 
duces, with  the  nitrate  of  silvej^,  a  white , precipitate,  which  contains 
48466  per  cent,  of^oxide.of  silver,  and  is  composed  as  repi:esenMediby 
the  formula,  CdNiHiOs-J-AgO  ;  it  consequently  contains  2  eq.  aJlan- 
toin,  CjjN^HjOe — 1  eq.  water,  HO+1  eq.  oxide  of  silver. 

1869.  In  the  decompoaition  of  uric  acid  bv  the  pecoxide  of  lead,  2  eq.  of  oxy*  p^^^in^^, 
gen  derived  from  2  eq.  of  tbe  peroxide,  and  3  eq.  water,  attach  tbemselyes  to  toe         •  -'^s*' 
coostitoents  of  the  cyaoozalic  acid,  by  which  tne  latter  is  decopposed  inlo  ^  ^. 
oxaUo  acid  and  1  eq.  allantoin,  and  tbe  urea  is  set  Dree. 

QiH.rvi-^*n*i2'S*=  \  \  S*  ^^■°°'**^^  ~^M  =  1  eq-  «ric  acid, 
aPbOf     Oa-hHsOa     \^  ^-  ore* 5 

2  eq.  oxalate  of  lead+1  eq.  allantoin^l  eq.  urea. 
Its  formula  ii  C4  H3  Ns  Oi.  or  2  Cy+SHO. 

1870.  Alloxan,  The  erythric  acid  of  firugnatelli ;  rediscovered  AUozaa. 
by  Wohler  and  Liebig*  One  of  the  products  of  the  decomposition  of  '^^ 
uric  acid  by  nitric  acid. 

One  part  of  dry  uric  acid  is  added  in  successive  portions  to  4  parts  ^f'PntctM* 
nitric  acid  of  sp.  gr.  1.45  to  1.5,  by  wbich  it  is  dissolTod  with  efferves- 
«eBce  and  the  prwiaietion  of  heat;  the  production  of  a  high  tempeifture 
BiDSt  be  avoided  as  much  as  possible  by  artificial  cooling,  and  by  addinx  tbe  i^nc 
acid  slowly.  .  Small  granular  crystals  of  a  strong  lustre  are  thus  formed,  and  by 
degrees  the  wbole  liquid  is  converted  into  a  solid  mass.  This  should  then  be 
placed  in  a  giaia  fonnel ;  and  aAer  tbe  flaid  parts  have  tbua  dcained  off,  it  should 
.Oe  spread  upon  a  porous  tile,  wheie  it  is  rendered  pedec^y  dry.  It  h-ffftif^ 
by  solution. u  hot  water  and  recrystallization. 

4871.  'On, tbe  cooliog  of  a  w«rm  but^ot  p^irfoqtly  ^ftuvated^olvi- 
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Ohap-  ▼[.  tioD  of  alloxan,  it  i«  obtained  in  large  colourless  and  transparentcryt* 
tals  of  the  right  prismatic  system,  and  of  a  strong  adamantine  lustre ; 
these  crystals  effloresce  rapidly,  losing  25  per  cent.=:6  eq.  water^ 
and  are  converted  when  gently  warmed,  with  the  loss  of  water,  into 
anhydrous  alloxan.  If  a  hot  saturated  solution  be  allowed  to  ciys? 
tallize  in  a  warm  place,  anhydrous  alloxan  is  deposited  directly  from 
the  solution  in  oblique  prisms,  on  the  extremities  of  which  truncated 
rhomboidal  octohedrons  are  seen. 
Bolobilitj.  1872.  It  is  very  soluble  in  water,  has  a  disagreeable  odour,  and  a 
slightly  saline  astringent  taste,  reddens  vegetable  colours,  and  causes 
a  purple  stain  on  the  skin.  Treated  with  alkalies,  alloxanic  acid  is 
formed ;  but  on  boiling  it  is  decomposed  into  urea  and  mesoxalic 
acid.  Heated  with  peroxide  of  lead,  it  is  decomposed  into  urea  and 
carbonate  of  lead,  with  which  a  few  traces  of  oxalate  of  lead  are 
mixed. 
AetJoQ  of  1873.  When  brought  into  contact  with  zinc  and  hydrochloric  acid» 
sine,  ^c-  ^ith  chloride  of  zinc  or  sulphuretted  hydrogen,  alloxantin  is  produced ; 
it  is  decomposed  by  free  ammonia  into  mykomelinic  acid,  by  nitric 
acid  into  parabanic  acid,  by  sulphuric  and  hydrochloric  acids  into 
alloxantin,  by  sulphurous  acid  and  ammonia  into  thionurate  of  am- 
monia, with  alloxantin  and  ammonia  into  murexid.  With  a  proto- 
salt  of  iron  and  an  alkali,  it  forms  an  indigo-blue  solution.  Does  not 
unite  without  decomposition  with  the  metallic  oxides. 

T^Mrr.  1874.  The  fonnatioD  of  alloxan  and  the  oth^r  prodticta  which  ariae  at  the  same 

time,  IB  dependent  upon  two  perfectly  independent  decoropoaitiona ;  namely, 
upon  the  convenion  of  cjanozalic  acid  into  alloxan,  and  upon  the  mutual  de- 
composition of  urea  and  hyponitrous  acid.  To  1  eq.  of  cyanoxalic  acid  are  added 
the  elements  of  4  eq.  water,  and  2  eq.  oxygen  from  1  eq.  nitric  acid,  by  which  1 
eq.  alloxan  and  1  eq.  hyponitrous  acid  are  formed.  The  latter  combines  with 
the  ammonia  of  the  urea,  and  liberates  cyanic  acid ;  the  hyponitrite  of  ammonia 
is  decom]>osed  by  heat  into  nitrogen  ana  water,  and  the  cyanic  acid  with  water 
is  reioWed  into  carbonic  acid  and  ammonia,  which  unites  with  the  free  nitric 
pad. 

• 

Cyanoxalic  aeidsCgN^      O4 

4  eq.  water  H4O4 

5  eg.  oxygen Og 

1  eq.  alloxan  =   CsNaH40is 

brea  «=C2N2U402 

Hyponitrous  acid=     N        O3 

C2N3H406=C20^+       N2+       NH3+       HO 
Carbonic  acid.   Nitrogen.  Ammonia.  Water. 

It  frequently  happens  that  on  dissolving  the  impure  alloxan,  for 
the  purpose  of  purifying  by  a  second  crystallization,  a  portion  of 
alloxantin  is  obtained  ;  it  may  be  easily  separated  from  the  alloxan- 
tin by  cold  water.     (See  Alloxantin,) 
j^]]onuiic        187^-  ^Boxanie  Acid.    GgNtHgOs-l-^  eq.    Discovered  by  Wohler 
Mid.  and  Liebig.     Produced  by  the  decomposition  of  alloxan  by  alkalies. 

It  is  prepared  by  decomposing  alloxanate  of  baryta  by  sulphuric  acid. 
A  strongly  acid  fluid  is  obtained,  which  by  gentle  evaporation  crys- 
tallizes in  radiated  groups  of  acicular  crystals;  it  is  a  bibasic  acid, 
dissolves  zinc  with  the  evolution  of  hydrogen,  is  unchanged  by  sul- 
phuretted hydrogen,  and  precipitates  the  salts  of  silver,  baryta,  and 
lime.  The  anhydrous  alloxanic  acid  contains  the  constituents  of 
half  an  equivalent  of  alloxan  minus  1  eq.  water. 
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1876.  Alloxanic  acid  neutralizes  the  alkalies  perfectly,  decom-    Beet,  iv. 
poses  the  carbonates,  and  forms,  when  neutralized  by  ammonia,  with  MiozaDic 
the  salts  of  silver  a  white  precipitate,  which  by  boiling  becomes  first  ^^  ^^ 
yellow  and  then  black,  the  change  being  accompanied  by  a  rapid  ef-  ^dUf 
lervescence ;  treated  with  ammonia  in  excess,  it  produces  white  gela- 
tinous precipitates  with  the  salts  of  lime,  strontia,  and  baryta  ;  but 

the  precipitate  is  redissolved  by  a  large  excess  of  water,  and  readily 
by  an  acid.  The  solutions  of  the  neutral  alloxanate  of  lime,  stron- 
tia,  and  baryta,  become  turbid  when  boiled,  the  bases  are  precipitated, 
and  urea  and  mesoxalic  acid  are  formed.* 

1877.  Mesoxalic  Acid,  When  a  saturated  solution  of  alloxanate  of  .Mejoralic 
baryta  or  strontia  is  heated  to  the  boiling  point,  a  precipitate  falls 
consisting  of  the  carbonate,  mesoxalate,  and  alloxanate  of  baryta  or 
strontia.     The  solution,  on  evaporation,  yields  a  crystalline  crust, 

from  which  urea  is  separated  by  treating  it  with  alcohol,  and  mesox- 
alate of  baryta  remains.  If  a  solution  of  alloxan  be  added,  drop  by 
drop,  to  a  boiling  solution  of  acetate  of  lead,  a  very  heavy  granular 
precipitate  of  mesoxalate  of  lead  is  formed,  and  urea  remains  as  the 
only  other  product  in  the  solution.  The  mesoxalic  acid  may  be  ob- 
tained by  decomposing  this  lead  salt  by  sulphuric  acid;  it  is  a 
strongly  acid  solution,  reddens  vegetable  colours,  and  forms,  like  the 
alloxanic  acid,  on  the  addition  of  ammonia,  precipitates  with  the 
salts  of  baryta  and  lime,  which  are  soluble  in  acids  and  a  large  ex- 
cess of  water ;  it  may  be  boiled  and  evaporated  without  change.  Its 
action  on  the  salts  of  silver  is  characteristic ;  it  forms  with  them, 
after  being  neutralized  by  ammonia,  a  yellow  precipitate,  which  on 
being  gently  heated  is  reduced  to  the  metal  with  a  rapid  efferyps^ 
cence. 

1878.  The  above-mentioned  lead  salt  yields,  on  analysis,  80.4  percent,  of  oxide  of  Analysis 
lead ;  it  contains  a  slight  admixture  of  a  substance  containing  nitrogen,  probably  and  compo- 
cyanate  or  cyanurate  of  lead,  from  which  it  cannot  be  perfectly  purified.    The  sition. 
comuosition  of  the  lead  salt  ia  very  probably  expressed  by  the  formula  C^CH-f 
2PbO,  in  which  case  its  formation  from  alloxan  and  alloxanic  acid  admits  of  a 
ready  explanation.    From  1  eq.  alloxan  1  eq.  urea  is  separated,  by  which  2  eq. 
of  anhydrous  mesoxalic  acid  is  left. 

1  eq.  alloxan  SC8N2H4O10 

—I  eg.  urea ^^02^2^^^^ 

=2  eq.  mesoxalic  acid    =C6  Og 

The  above-mentioned  mesoxalate  of  baryta  contains  56  per  cent,  of  baryta, 
from  which  its  constitution  is  probably  represented  by  the  formula  0304*^  \  uq 

1879.  MykoTndinic  Acid.     C8N4H4OS  ?    Discovered  by  Wohler  Mykome- 
and  Liebig.     Product  of  the  decomposition  of  alloxan  by  ammonia.    "°"**"*'* 

It  is  prepared  by  heatinc  to  212°  a  solution  of  alloxan  with  an  excess  of  ammo-  Process, 
nia,  then  neutralizing  wiu  an  excess  of  dilute  sulphuric  acid  and  boiling  for  a 
few  minutes.    The  mykomelinic  acid  falls  as  a  yellow  gelatinous  precipitate, 
which  dries  to  a  vellow  porous  powder;  it  is  with  difficulty  dissolved  by  cold, 
but  more  readily  by  hot  water. 

1880.  Its  solution  has  a  distinctly  acid  reaction ;  it  decomposes 
the  carbonated  alkalies  and  is  easily  dissolved  by  the  caustic  alka- 
lies, but  on  being  boiled  with  them  is  decomposed  with  the  evolution 
of  ammonia  ;  it  forms,  with  the  oxide  of-  silver,  a  yellow  compound, 

*  For  AUoxaaaiu^  see  T.  and  L.  810. 
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1  eq.  alloxan  and  2  eq.  ammonia  into  1  eq.  mykomelinic  acid  and  5 
eq.  water. 

1881.  Parabanic  Acid,  CeNaOi-l-S  aq.  Discovered  by  Wohler 
and  Liebig.  Product  of  the  decomposition  of  uric  acid  and  alloxan 
by  nitric  acid.  Prepared  by  treating  1  part  of  uric  acid,  or  1  part  of 
alloxan,  in  8  parts  of  pretty  strong  nitric  acid,  evaporating  to  the 
consistence  of  a  syrup,  and  allowing  it  to  stand  for  some  time,  when 
it  yields  colourless  crystals  which  may  be  purified  by  a  second  crys- 
tallization. 
PioptitiM.  1882.  Colourless,  transparent,  thin,  hexagonal  prisro»;  has  a 
strong  acid  taste,  very  similar  to  that  of  oxalic  acid ;  is  very  soluble 
in  water,  does  not  effloresce  either  in  the  air  or  in  a  warm  room ; 
fuses  if  heated,  when  a  portion  sublimes  unchanged,  but  another  part 
decomposes  with  the  evolution  of  hydrocyanic  acid.  The  cold  solu- 
tion neutralized  by  ammonia,  produces  a  white  precipitate  in  the 
salts  of  silver,  which  contains  70.62  per  cent  of  the  oxide ;  when 
treated  with  ammonia  it  is  converted  into  oxaiuric  acid. 

1883,  It  is  formed  by  the  decomposition  of  1  eq.  of  uric  acid, 
which,  by  the  addition  of  2  eq.  of  water  and  4  eq.  oxygen  from  the 
nitric  acid,  is  resolved  into  2  eq.  carbonic  acid,  1  eq.  parabanic  acid, 
and  1  eq.  urea ;  the  latter  is  decomposed  as  before*m  en  tinned  by  the 
hyponitrous  acid*   One  eq.  alloxan  with  2  eq.  oxygen  is  resolved  into 

2  eq.  carbonic  acid,  4  eq.  water,  and  1  eq.  parabanic  acid. 

1884.  Oxaiuric  Acid,  CgNgHjOi+aq.  Discovered  by  Wohler  and 
Liebig.     Produced  by  the  decomposition  of  parabanic  acid. 

Prerared  by  adding  dilute  aulphuric  or  hydrochloric  acid  to  a  satoratad  aoki- 
tioD  or  oxalurate  of  ammonia  in  not  water,  and  rapidly  cooling  the  miztore  when 
the  oxaiuric  acid  falls  an  a  white  crystalline  powder ;  thia  should  bo  washed  with 
cold  water  aa  long  as  the  wttshinc,  when  neatraliJud  by  ammonia^  causes  with 
the  salts  of  lime  a  precipitate  whieb'is  perfeetly  radiaBoWed  by  heat^  or  by  an  ad- 
ditioDal  quantity  of  water. 

1685.  It  is  a  white,  or  slightly  yellow  crystalline  powder  of  ao 
acid  taste,  reddens  the  vegetable  colours,  and,  when  neutraliaed  by 
ammonia,  forms  with  silver  salte  a  white  precipitate  which  is  per- 
fectly redissolved  by  boiling.  By  boiling  in  water  it  is  completely 
decomposed  into  free  oxalic  acid  and  oxalate  of  urea. 

1886.  The  oxaiuric  acid  is  fbrmed  by  the  addition  of  2  eq.  water  to  the  conati- 
tnmits  of  the  parabanic  acid.  It  contains  ilirther  the  eleaieots  of  8  efjoivalfMittfof 
oxalic  acid  and  1  eq.  urea ;  it  may  be  considered  as  uric  acid  in  which  the  cjrm^ 
nozalic  acid  has  been  replaced  by  the  oxalic  acid. 

1887.  Oxaluraie  of  Ammonia,  NHiO+CeNjHjO,,  may  be  f^rflved 

by  heating  a  solution  of  parabinic  acid  with  ammonia,  or  more  adTaotageomly 
by  treating  a  recently  prepared  solution  of  uric  acid  in  dilute  nitric  acid  with  an 
excess  of  ammonia  and  evaporating.  The  liouid  acquires  at  first  a  purple  -ocdoor, 
which  disappears  during  the  evaporation,  and  if  allowed  to  cool  Wnen  anived  mi, 
a  certain  degree  of  concentration,  it  depoeits  radiated  sroups  0f  hard  aeicular  yel- 
low crystals ;  they  are  obtained  colourless  by  charcoal  and  recrystaUisatios. 

1888.  The  oxalurate  of  ammonia  crystallizes  in  radiated  groups 
of  fine  acicular  crystals,  which  have  a  silky  lustre,  and  are  readily 
dissolved  by  hot,  but  with  difficulty  by  cold  water ;  the  solutioo  has 
no  reaction  on  vegetable  colours,  and  may  be  boiled  and  evaporated 
without  change ;  the  dry  salt  loses  no  weight  at  1^50**,  but  at  a  higher 
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tomperature  it  is  decomposed  with  the  rapid  evolution  of  hydroeya*    s<tt.iY. 
DJc  acid.     Acids  separate  from  a  concentrated  solution  the  oxalurtc 
acid  as  a  crystalline  powder. 

1889*  The  oxaluric  acid  forms  with  the  alkalies  very  soluble,  but  Oxalorie 
with  the  alkaline  earths  sparingly  soluble  salts.     If  concentrated  so-  '^^  *^ 
lutions  of  oxalurate  of  ammonia,  chloride  of  calcium  or  barium  be  ^^4^!^ 
mixed  with  each  other,  after -standing  some  time,  brilliant  tranapa-- 
rsnt  scales  or  needles  of  oxalurate  of  baryta  or  lime  will  be  deposited ; 
a  solution  of  the  latter  in  water  when  treated  with  an  excess  of  am- 
monia gives  a  basic  salt  in  the  form  of  a  transparent  gelatinous  pre- 
cipitate, which  is  redissotved  by  a  large  quantity  of  water. 

1890.  TAtonsiric  iicui.  CsI^IjHtOiiSs*  A  bibasic  acid.  Oiaeovered  Thioanns 
by  Wobler  and  Liebig.  Is  formed  by  the  action  of  salphuroos*^^* 
acid  on  alloxan.  It  is  prepared  by  decomposing  the  thionurate  of 
lead  by,  hydrosulphuric  acid.'  A  while  crystalline  mass,  is  perma* 
nent  in  the  air,  and  readily  dissolved  by  water ;  of  an  acid  taste, 
reddens  vegetable  blues  strongly ;  its  saturated  solution,  when 
heated  to  the  boiling  point,  congeals  to  a  semi-fluid  crystalline  mass 
of  uramil,  and  the  fluid  when  this  has  deposited  is  found  to  contain 
free  sulphuric  acid. 

1S91.  The  thionuric  acid  contains  the  elements  of  1  eq.  alloxan,  Theory. 
1  eq.  ammonia,  and  2  eq.  sulphurous  acid  ;  the  uramil  may  be  con- 
sidered as  a  compound  of  ammonia  with  alloxan  minus  2  eq.  oxygen, 
or  of  cyanoxalic  acid  with  1  eq.  ammonia  and  2  eq.  water.  On 
heating  the  solution  of  thionuric  acid  2  eq.  oxygen  are  given  by  1 
eq.  alloxan  to  the  2  eq.  of  sulphurous  acid,  which  is  thus  converted 
into  sulphuric  acid,  while  the  elements  of  cyanoxalic  acid,  ammonia, 
and  water  combine  to  uramil. 

1892.  Thionuric  acid  forms  with  the  alkalies  very  soluUe  salts ;  Thionuric 
with  the  alkaline  earths  either  insoluble  or  sparingly  soluble  ssl^«  metaflieoz- 
which  are  however  readily  dissolved  by  dilute  acids ;  they  generally  idei. 

are  formed  of  1  eq.  of  acid  and  2  eq.  of  the  metallic  oxide.  AH  these 
salts  evolve  sulphurous  acid  abundantly  when  treated  with  concen- 
trated sulphuric  acid ;  when  fused  with  hydrate  of  potassa,  sulphite 
of  potassa  is  formed. 

1893.  DraaiiZ.    CgNjHsO, ;  eq.=  144.41.    Discovered  by  Wohler  Ununil. 
and  Liebig.     A  product  of  the  decomposition  of  thionuric  acid. 

A  6old  tatareted  solatioa  of  tbionorate  of  aromoDia  is  made  boiling  hot,  and 
then  treated  with  hydrochloric  acid  till  it  ha«  a  stroncly  acid  reaction,  when  it  is 
again  heated  till  a  slight  turbidity  b  observed,  and  aJlowed  to  cool  slowly ;  or  a 
boiling  saturated  solution  of  the  same  salt  may  be  mixed  with  hydrochloric  or 
dilute  sulphuric  acid,  and  then  kept  boiling  until  the  whole  is  converted  to  a 
semifluid  mass.  It  is  obtained  in  a  plume-form  aggregation  of  fine  but  bard 
needles,  or  as  a  fine  porous  powder,  consisting  of  nne  needles  which  have  a 
silky  lustre,  and  are  permanent  in  the  air,  butac^re  a  pink  tint  when  heated. 

•  1884.  It  is  insoluble  in  cold,  bat  taken  up  in  small  quantity  by  Properties, 
boiling  wttter ;  soluble  in  ammonia  and  the  caustic  alkalies  in  the 
cold,  from  which  it  is  precipitated  by  acids  unchanged.  Th^^  solu-* 
tion  of  uramil  in  ammonia  and  caustic  potassa  acquires  a  purple  co- 
lour by  exposure  to  the  air,  and  deposits  green  acicular  crystals,  of  a 
brilliant  metallic  lustre;  if  boiled  in  the  caustic  potassa,  it  is  decora- 
posed  into  uramilic  acid  with  the  evolution  of  ammonia.  It  is  solu- 
ble in  concentrated  sulphuric  acid,  from  which  it  is  again  precipi- 
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Chap.  VI.  tated  by  water ;  by  boiHng  ia  dilute  acids  it  sofiers  the  same  change 
as  in  caustic  potassa.     By  boiling  with  the  oxides  of  silver  and  mer- 
cury it  is  converted  into  murexid.  and  the  oxide  is  reduced. 
Action  of       1895.  With  concentrated  nitric  acid  it  is  resolved  into  alloxan, 
nitnc  acid,  ^^^j^  ^^^  evolution  of  hyponitrous  acid,  and  the  formation  of  nitrate 
of  ammonia.    The  above  decomposition  of  the  thionurate  of  ammo- 
nia consists  in  the  separation  of  the  elements  of  2  eq.  of  sulphate  of 
ammonia.     Uramil  may  be  considered  as  uric  acid,  in  which  the 
urea  is  replaced  by  1  eq.  ammonia  and  2  eq.  water. 
2™^         1896.  UramUic  Acid.    C„N,H,oO».   Discovered  by  Wohler  arjd 
Liebig.    A  product  of  the  decomposition  of  uramil. 

Prapan-         A  wturated  aolation  of  tbionitrate  of  jammonia  in  cold  water  it  added  to  a  imall 
tion.  quantity  of  sulphuric  acid,  and  the  mixture  evaporated  in  a  water-bath^  when  the 

uramilic  acid  is  slowly  deposited  in  transparent  prisms  of  a  glassy  lustre.  If  a 
white  amorphous  deposit,  which  is  soluble  in  hot  water,  be  at  the  same  time  ob- 
tained, it  arises  from  the  presence  of  undecomposed  acid  thionurate  of  ammonia ; 
this  is  again  diswWed  in  water  mixed  with  sulphuric  acid,  and  treated  as  before. 

Properties.  1897.  Colourless  four-sided  prisms,  or  fine  silky  needles ;  is  so- 
luble in  6—8  parts  of  cold,  and  in  3  parts  of  boiling  water ;  loses  no 
weight  when  heated  to  212^,  but  acquires  a  slightly  pink  colour ; 
the  solution  has  a  feeble  acid  reaction.  It  is  soluble  in  concentrated 
sulphuric  acid  with  effervescence,  but  without  colouring  the  acid. 
By  boiling  in  strong  nitric  acid,  a  yellow  solution  is  obtained,  which 
-  yields  on  evaporation  white  crystalline  and  sparingly  soluble  scales 
or  granular  crystals ;  they  are  dissolved  by  alkalies,  and  again  pre- 
cipitated by  acetic  acid.  In  its  formation  2  eq.  of  uramil  lose  the 
elements  of  1  eq.  of  ammonia,  which  are  replaced  by  3  eq.  of  water. 

Salu  of  1898.  The  uramilic  acid  forms  with  ammonia  and  the  fixed  alka- 

"2?  lies  soluble  crystallizable  salts ;  lime  and  baryta  are  not  thrown  down 

from  their  saline  solution  by  the  free  acid ;  but  on  the  addition  of 
ammonia  a  white  precipitate  is  formed,  which  again  disappears  in  a 
large  quantity  of  water.  Uramilate  of  ammonia  produces  with  ni- 
trate of  silver  a  dense  white  precipitate,  which  contains  from  63 — 64 
per  cent,  of  silver. 

Alloxantin.  1899.  Alhtantin.  CaNsHsOio;  eq.=162.26.  First  observed  by 
Prout  as  a  product  of  the  decomposition  of  uric  acid  by  nitric  acid  ; 
it  is  also  formed  by  the  action  of  chlorine  on  uric  acid,  as  likewise 
from  alloxan  by  the  action  of  deoxidizing  agents. 

-  ^  1900.  From  uric  acid :  one  part  of  uric  acid  is  added  to  32  parts  of  water, 

tioa'*^'  which  is  brought  to  the  boiling  point,  and  then  treated  with  dilute  nitric  acid  in 
successive  portions  till  a  perfect  solution  is  obtained ;  it  should  then  be  evapo- 
rated to  two  thirds  of  its  volume,  when,  after  standing  for  some  hours,  or  a  day, 
crystals  of  alloxantin  will  be  deposited,  which  should  be  purified  by  recrystal- 
lization. 

From  allvTMn :  it  is  obtained  in  large  quantity  by  transmitting  a  stream  of 
hydrosulpburic  acid  gas  through  a  solution  of  alloxan,  when  first  Sulphur,  and 
then  a  crystalline  mass  of  alloxantin  is  deposited ;  it  is  separated  from  the  sul- 
phur by  solution  in. hot  water,  which  yields  by  evaporaUou  and  cooling  pure 
crystals  of  alloxantin.  It  may  also  be  formed  by  adding  zinc  and  hydro- 
chloric acid  to  a  solution  of  alloxan,  but  here  an  excess  of  acid  must  be  care- 
fully avoided ;  or  by  boiling  alloxan  in  moderately  strong  sulphuric  acid,  when 
it  is  deposited  as  the  soluuon  cools.  If  a  soluuon  of  alloxan  be  exposed  to 
the  action  of  a  galvanic  battery,  oxygen  is  evolved  at  the  positive  electrode, 
while  the  negative  b  covered  with  a  crystalline  crust  of  alloxantin. 

Properties.  ^901.  Short  oblique  four^sided  prisms  'of  the  oblique  prismatic 
system,  the  obtuse  angle  of  the  prism  being  105°.    The  crystals  are 
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colourless,  or  have  a  slightly  yellow  tint ;  in  an  aromoniacal  atnoos"  Beet,  ly. 
phere  they  become  red,  acquire  a  greenish  metallic  lustre,  and  are 
readily  reduced  to  powder ;  exposed  to  212^  they  undergo  no  change 
of  weight,  but  at  300°  lose  15.4  per  cent.=3  eq.  water ;  sparingly 
soluble  in  cold,  more  freely  in  boiling  water.  The  solution  reddens 
litmus  ;  is  converted  into  alloxan  by  being  warmed  with  nitric  acid, 
or  by  a  solution  of  chlorine  ;  forms  with  the  salts  of  silver  a  black 
precipitate  of  metallic  silver  ;  it  is  decomposed  by  alkalies ;  barytic 
water  causes  a  violet-blue  precipitate,  which  is  first  rendered  colour- 
less by  heat  and  then  disappears  ;  by  adding  an  excess  of  baryta  to 
this  solution  a  brilliant  white  precipitate  is  formed. 

1902.  If  a  solution  of  alloxan,  instead  of  being  left  in  contact  with 
zinc  and  hydrochloric  acid  at  common  temperature,  be  heated  to  the 
boiling  point,  and  kept  at  that  temperature  for  some  time,  it  deposits, 
on  cooling,  yellow  granular  crystals  of  a  brilliant  lustre  and  sparing 
solubility  in  boiling  water,  and  of  characters  essentially  different 
from  alloxantin. 

1903.  If  a  stream  of  hydrosulphuric  acid  gas  be  passed  through  a  Producu  of 
boiling  solution  of  alloxantin,  a  further  precipitation  of  sulphur  en-  the  decom- 
sues,  and  the  solution  acquires  a  strongly  acid  reaction ;  if  neutralized  aUozuitin. 
by  carbonate  of  ammonia,  it  deposits  on  cooling  an  abundant  crop  of 

white  silky  acicular  crystals  of  an  ammoniacal  salt,  which,  when 
heated  to  212°  in  the  air,  becomes  of  a  blood-red  colour ;  its  compo- 
sition is  represented  by  the  formula  CgNjHaOg,  and  it  may  therefore  • 
be  considered  to  be  a  compound  of  cyanoxalic  acid  with  1  eq.  ammo- 
nia and  4  eq.  water.  The  acid  in  this  salt  appears  in  the  moment  of 
its  separation  from  the  ammonia  with  which  it  was  combined  to  be 
decomposed  into  a  variety  of  new  products.  It  is  proposed  to  call 
this  acid  the  dialuric  acid,  since  its  properties  appear  to  differ  from 
those  of  the  cyanoxalic, 

1904.  If  a  hot  saturated  solution  of  alloxantin  be  treated  with  a  so-  Action  of 
lution  of  sal  ammoniac,  it  instantly  acquires  a  purple^red  colour,  *™™<*"** 
which  disappears  after  a  few  moments,  while  the  solution  becomes 
turbid,  and  deposits  brilliant  white  scales  of  uramil,  but  they  are 

pink  when  dried  ;  the  same  occurs  with  the  acetate,  the  oxalate,  and 
other  ammoniacal  salts ;  the  solution  contains,  after  the  decomposi- 
tion, alloxan  and  free  hydrochloric  acid. 

1905.  Two  eq.  alloxantin  and  1  eq.  ammonia  contain  the  elements  of  1  ec}.  w^^^qyt, 
uramil,  1  w^,  alloxan,  and  4  eq.  water.  By  heating  a  solution  of  alloxantin  in 
pure  ammonia,  the  products  first  formed  are  uramil  and  mykomelinate  of  ammo- 
nia, both  of  which  suffer  further  changes  by  the  continued  action  of  ammonia 
and  the  atmospheric  air.  If  a  solution  of  alloxantin  in  ammonia,  which  has 
been  prepared  in  the  cold,  be  spontaneously  evaporated  by  exposure  to  the  air, 
oxygen  is  absorbed,  and  crystals  of  tlie  oxalurate  of  (mimonia  are  obtained  :  3  eq. 
alloxantin,  7  eq.  oxygen,  and  6  eq.  ammonia,  contain  the  elements  of  4  eq.  oxa- 
lurate of  ammonia  and  5  eq.  water. 

1906.  If  oxide  of  silver  be  heated  in  a  solution  of  alloxantin,  a  por-  ^^^joq  ^ 
tion  of  the  former  is  reduced  with  effervescence,  and  the  solution  oxide  of 
contains  pure  oxalurate  of  silver.     In  this  reaction  3  eq.  oxygen  silver, 
from  the  oxide  of  silver  decompose  1  eq.  alloxantin  into  1  eq.  water, 

2  eq.  carbonic  acid,  and  1  eq.  oxaluric  acid,  which  last  unites  with 
some  undecomposed  oxide  of  silver. 

1907.  Murexid.    CiaN5H,08;   eq.=  197.19.    The  purpurede  ofuvnad. 
ammoTiia  discovered  by  Prout. 


4^  CyaiMj^n  and  iU '  Oampawidi. 

Chap.  VI,      By  heating  a  miitiin  of  wjoal  p^rtt  of  peroad^  of  nwrtoiy  «ad  Hi«n^ 

ProcecMs    ^'^     —      P*"^^  ^^  water,  with  the  addition  of  an  ezeoedingty  small  qaaotitj  of 

*  ammonia ;  aa  soon  as  the  liquid  has  acquired  a  deep  purple  colour,  it  is  filtered 

and  allowed  to  rest,  when  the  murezid  crystallizes ;  or  by  dissolving  uramil  by 

the  aid  of  heat  in  ammonia,  and  when- the  solotion  haa  cooled  to  160^  alloxan  is 

added  until  a  veiy  slight  alkaline  reaction  is  observed. 

Or  a  solution  of  uric  acid  in  dilute  nitric  acid  is  evaporated  until  it  acquires  a 
flesh-red  colour,  when  it  is  allowed  to  cool  to  KK)®,  and  is  then  treated  with  a 
dilute  aoueous  solution  of  ammonia,  till  the  presence  of  free  ammonia  is  re- 
marked oy  the  odour ;  the  solution  is  then  diluted  with  half  its  volume  of  boiliog 
water,  and  allowed  to  cool.* 

Or  a  boiling  saturated  solution  of  allozantin  in  water  is  treated  with  ammonia 
in  excess  till  the  precipitated  uramil  is  redissolved,  when  a  solution  of  idloxan  is 
added,  so  that  only  a  slight  alkaline  reaction  is  left,  and  the  whole  is  allowed  to 
cool. 

Or  by  facatinc  alloxantin  with  sal  anunoniao  or  oxalate  of  ammonia,  and  after 
the  formation  of  uramil  adding  ammonia iili  the  former  is  redissolved,  and  then 
alloxan.  Murexid  may  be  formed  by  a  number  of  other  processes,  by  bringing 
together  many  of  tbe  products  of  uric  acid  with  ammonia,  with  or  without  the 
presence  of  atmospbenc  air. 

Theory.  1908.  When  the  oxygen  from   li^  eq.  of  peroxide  of  mercury  is 

added  to  2  eq.  uramil,  they  may  give  rise  to  the  formation  of  1  eq. 
murexid,  1  eq.  alloxanic  acid,  and  3  eq.  water.     Alloxan  appears  to 
have  the  same  action  upon  a  solution  of  uramil  in  ammonia  as  the 
peroxide  of  mercury.     One  eq.  alloxan,  2  eq.  alloxantin,  and  4  eq. 
ammonia,  contain  the  elements  of  2  eq.  murexid  and  14  eq.  water. 
Tbe  solution  of  uric  acid  in  dilute  nitric  acid  contains  principally 
alloxantin,  urea,  and  nitrate  of  ammonia  :  evaporated  until  the  flesh- 
red  colour  appears,  a  portion  of  the  alloxantin  is  converted  by  the  action 
of  free  nitric  acid  into  alloxan,  a  portion  of  which,  by  a  further  action, 
gives  rise  to  para  ba  [lie  acid.  But  when  alloxan  and  alloxantin  are  simul- 
taneously present  in  a  solution,  an  excess  of  ammonia  produces  a  deep 
purple-red  liquid  from  which  murexid  is  deposited.     If  the  sohition 
contain  an  excess  of  alloxantin,  the  crystals  of  murexid  are  mixed 
with  uramil ;  with  an  excess  of  alloxan,  mykomelinate  of  amrooaia 
is  formed,  which  also  falls  with  the  murexid,     Tbe  parabanic  acid 
present  passes,  when  the  solution  of  uric  acid  is  saturated  with  am- 
monia, into  oxaluric,  which  is  obtained  in  crystals  of  oxaiarate  of 
ammonia  by  evaporating  the  mother-liquor. 

Properties.  1909.  Murexid  crystallizes  in  short  four-sided  prisms,  two  faces 
of  which,  tike  the  upper  wings  of  the  canthnrides,  reflect  a  green 
metallic  lustre.  The  crystals  are  transparent,  and  hy  tnmsfnitled 
light  are  of  a  garnet-red  colour.  It  forms  a  brownish-red  powder, 
which,  under  the  poliahiog  ateel,  acquirea  a  brilliani  oi^tallic  gireen 
colour.  It  is  ioaokuble  in  ether  and  alcohol ;  apariogiy  taolttUe  ia 
cold,  but  more  readily  in  boiling  water,  on  the  cooling  of  whieb  it 
crystallizes  unchanged ;  insoluble  in  a  saturated  solution  of  carbo- 
nate of  ammonia,  soluble  in  caustic  potassa  with  a  beaatiful  indigo- 
blue  colour,  which  disappears  on  the  application  of  beat  wich.  the 
evolution  of  ammonia. 

*  In  applying  this  method  of  preparation,  it  is  advisable  to  teat  a  small  qoantity  .of 
the  solution  of  uric  acid  from  time  to  time  by  saturating  it  with  ammonia ;  if  it  be 
rendered  turbid  by  tbe  emmooia,  and  a  red  powder  falls,  a -small  qoanlity  of  stitiic 
acid  must  be  added  to  tbe  hot  solution  of  the  uric  aoid ;  hut  if  a  yellow  aitm]^  Trrsnipi 
tate  bMB  formed,  the  solution  will  .only  give  rise  to  the  formation  of  auurexia  afi^  a 
stream  of  hydrosulphoric  add  gas  has  been  ttaatmitted  tfaioogh  it. 


1910.  It  is  decomposed  either  in  the  solid  state  or  in  solution  by   att.iv. 

all  the  mineral  acids,  with  the  separation  of  brilliant  scales  of  mu-  Decom- 
rexan ;  the  liqaid  contains  ammonia,  alloxantin,  alloxan,  and  urea,  posed. 
The  instant  the  murexid  is  brought  into  contact  with  bydrosulphu** 
zic  acid  it  is  decomposed  into  alloxantin,  dialuric  acid,  and  murexan, 
with  the  separation  of  sulphur.  An  equivalent  of  alloxan,  alloxan- 
tin, murexan,  and  urea,  together  with  2  eq.  ammonia,  contain  the 
elements  of  2  eq.  murexid  and  11  eq.  water. 

1911.  Murezan.    G|NaH405;   eq.=109.02.    The  purpuric  aeidUxoMun. 
discovered  by  Prout  as  the  product  of  the  decomposition  of  murexid. 
Prepared  by  dissolving  murexid  in  caustic  potassa  by  the  aid  of  heat, 
which  is  applied  till  the  blue  colour  disappears,  when  dilute  sulphu- 
ric acid  is  added  in  excess. 

1912.  It  falls  in  crystalline  scales  of  a  silky  lustre ;  is  insoluble 
in  water  and  dilute  acids,  but  is  taken  up  by  ammonia  and  the  fixed 
alkalies  in  the  cold  without  neutralizing -them.  It  is  dissolved  by 
concentrated  sulphuric  acid,  from  which  it  is  again  precipitated  un- 
changed by  water.  If  a  solution  of  murexan  in  ammonia  be  exposed 
to  the  air,  it  acquires  a  purple-red  colour,  and  deposits  the  brilliant 
crystals  of  murexid ;  with  an  excess  of  ammonia  the  solution  again 
becomes  colourless,  and  is  then  found  to  contain  oxalurate  of  ammo- 
nia. 

1913.  Two  eq.  murexan,  1  eq.  ammonia,  and  3  eq.  oxygen,  con-  Theory, 
tain  the  elements  of  1  eq.  murexid  and  3  eq.  water ;  1  eq.  murexan, 

3  eq.  oxygeui  and  1  eq.  ammonia,  are  the  constituents  oi  1  eq.  oxa- 
lurate of  ammonia. 

1914.  Uric  Oxide,  or  Xanthic  Oxide.    CsNsHaOa.    A  rare  consti-  Uric  OxWe, 
tuent  of  urinary  calculi ;  first  discovered  by  Marcet.  oxS^ 

1915.  Urinary  calculi,  which  contain  ihis  ingredient,  are  dissolved 
in  caustic  potassa  and  the  solution  saturated  with  carbtmic  acid, 
when  the  uric  oxide  is  precipitated. 

1916.  A  while  precipitate ;  when  dried,  it  forms  a  pale  yellow  Properties, 
hard  mass,  which  acquires  a  waxy  lustre  by  friction :  it  is  dissolved 

by  the  pure  and  carbonated  alkalies  ;  in  small  quantity  by  hot  water, 
hydrochloric  and  oxalic  acids.  It  is  soluble  in  concentrated  sulphu- 
ric acid  with  a  yellow  colour ;  no  precipitation  is  caused  by  the  ad- 
dition of  water  to  the  solution.  It  is  dissolved  in  nitric  acidf  without 
efTervescence  ;  on  evaporating  to  .dryness,  a  lemon-yellow  residue  is 
left,  whic^  is  not  reddened  by  ammonia,  is  partially  soluble  in  water* 
but  perfectly  and  easily  in  potassa ;  the  solution  has  a  light  reddish- 
yellow  colour,  and  leaves  on  evaporation  a  red  residue. 

1917.  Exposed  to  the  destructive  distillaUon,  it  evolves  an  odour  J^SSir 
of  urine,  hydrocyanic  acid,  and  carbonate  of  ammonia,  bat  no  urea. 

The  calculi,  which  contain  uric  oxide,  have  a  light  brown,  or  bright 

brown  surface;  the  fracture  is  scaly,  of  a  strong  lustre,  and  also  of  a 

brown  or  deep  ^esh  colour ;  by  friction  the  lustre  becomes  resinous. 

1918.  Cystic  Oxide,    Discovered  by   WoUaston ;    a  rare  consti-  Cystic  Qx- 
tuent  of  urinary  calculi ;  an  organic  base.  ^*' 

1919.  The  calculus  is  dissolved  in  aqueous  ammonia,  and  the 
filtered  solution  evaporated  in  the  air,  when  the  cystic  oxide  crystal- 
lizes. 

1920.  In  the  calculus  it  exists  as  a  yellowish-white  coiifused  crys- 
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Chap  vii.  talline  mass  of  a  brilliant  lustre :  crystallizes  from  its  solution  in 
potassa,  on  the  addition  of  acetic  acia,  in  hexagonal  plates ;  from 
ammonia,  in  white  transparent  scales.  It  is  decomposed  by  beat, 
with  the  evolution  of  sulphurous  and  ammoniacal  products  oi  an  of- 
fensive odour.  It  is  readily  dissolved  by  mineral  acids,  with  which 
it  forms  crystalline  compounds. 

Salt  of.  1^1*  It  forms  with  hydrochloric  acid  an  anhydrous  salt  which  is 

composed  of  1  eq.  of  the  base  and  acid.  The  salt  with  nitric  acid  is 
formed  of  1  eq.  of  acid,  1  eq.  of  base,  and  2  eq.  water,  the  half  of 
which  is  separated  by  a  temperature  of  105°.  It  is  soluble  in  the 
pure  and  carbonated  alkalies  ;  but  if  the  solution  be  heated  it  is  de- 
composed at  first  with  the  evolution  of  ammonia,  but  as  the  evapora- 
tion proceeds,  a  very  combustible  gas,  which  burns  with  a  blue  flame, 
and  smells  like  sulphuret  of  carbon,  is  given  off.  The  occurrence  of 
the  cystic  oxide  is  so  rare,  that  it  is  impossible  to  institute  any  inves- 
tigation of  this  remarkable  substance. 

According  to  the  analysis  of  Thaulow,  its  formula  is  GeNHfOtSs. 

L.  883. 


CHAPTER  VII. 

Section  I.     VegetaMe  Alkalies.^ 

Vegetable        1922.  These  alkaline  bodies  have  been  discovered  since  the  year 
alkalies.      1817,  and  their  number  is  daily  increasing.     The  most  important 
only  can  be  comprised  in  this  chapter.     Almost  all  plants,  which  are 
remarkable  for  their  poisonous  or  medicinal  properties,  when  sub- 
jected to  a  chemical  examination,  have  been  found  to  contain  an 
alkaline  principle. 
Precipita-        1923.  It  has  been  found  that  all  the  vegetable  alkalies  are  preci- 
^  by  tan-  pjtated  by  tannin,  or  infusion  of  nutgalls.     These  precipitates  are 
usually  white  powders,  bitannates  of  the  alkali,  insoluble  in  cold 
water,  and  easily  decomposed  by  an  alkaline  or  earthy  base.     Henry 
has  proposed  infusion  of  nutgalls  as  an  excellent  reagent  for  obtain- 
ing these  alkalies.     His  process  is  as  follows  : 

Digest  the  plant  containing  the  alkali  in  wann  water,  acidulated  with  solphii- 
ric  acid.  Neutralize  the  clear  liquor  by  potaoa,  and  add  a  concentrated  infunon 
of  natgalls  as  long  as  a  precipitate  falls.  Separate  the  precipitate,  wash  it  with 
oold  water,  and  mix  intimately  with  a  slight  excess  or  slaked  lime.  Dry  the 
mixture  OTer  the  vapour-bath  till  it  is  reduced  to  powder.  Digest  this  powder  in 
alcohol  or  ether.  Filter,  distil  off  the  alcohol  or  ether.  Set  toe  residue  aside  for 
some  days.    The  alkali  will  be  deposited  in  cry8tal8.t 

How  dis-^       1924.  These  bodies  have  been  distinguished  by  names  terminating 
...J  .^  ^^  ^^^^  ^^^^  might  resemble  potassa,  soda,  and  ammonia,  and  the 

name  of  the  neutral  principles  with  which  they  are  associated  in 
vegetables  has  been  made  to  terminate  in  ine  or  in.  They  are  all 
compounds  of  carbon,  hydrogen,  nitrogen,  and  oxygen. 

*  The  materials  for  this  chapter  have  been  prindpaUy  deriTed  from  Thomson'a 
Chem  of  One.  Bodies,  to  which  the  stodent  most  be  referred  for  the  deacriptioD.  of 
many  of  the  less  important  sabstaaees, 

%Jour,  de  Pharm*  sq.  tlS. 


Qtttnta.  ^35 

1926.  Cinehonia,  C«HmN01^*,  =  168.0,  was  detected  by  Pel-     Sacti. 
letter  and  Gaventou  in  1820,  in  the  gray  Peruvian  bark,  which  is  cinchcmia. 
considered  as  the  bark  of  the  cinckana  nitida  or  the  cinchona  condu' 
minea,  and  is  not  much  esteemed  for  its  medical  properties.     But 

there  is  reason  to  suspect  that  the  cinchona  lancifolia  of  Loxa,  the 
most  celebrated  of  all  the  varieties  contains  the  same  principle. 

It  i  ^  obtained  from  the  pale  bark  by  digesting  it  in  dilute  hydro- 
chloric acid,  precipitation  by  an  alkali  or  earth,  solution  in  alcohol 
and  crystallization.t 

1026.  It  crystallizes  in  prismatic  needles,  and  requires 2600  times  CrTstalUne 
its  weight  of  water  for  solution.     It  is  very  soluble  in  alcohol ;   has  aolobiUtj. 
a  bitter  taste,  is  not  altered  by  exposure  to  the  air.     Its  alkaline  pro- 
perties are  well  marked. 

1927.  The  salts  of  cinchonia  have  a  bitter  taste ;  are  precipitated  Charsetert 
by  oxalates,  tartrates  and  gallates,  and  by  the  infusion  of  gallnuts.  °^  *^  ••*^' 
It  combines  with  acids  forming  neutral  salts  and  disalts,  or  salts  com- 
posed of  two  atoms  base  united  to  1  atom  acid.    T. 

1928.  Quinia.  C„H«N08=  162.0.  In  1820  Pelleiier  and  Caven- Qniam. 
tou  pointed  out  the  alkaline  character  of  this  substance,  and  showed 

it  might  be  obtained  in  a  separate  state.|:  Since  that  period  sul- 
phate of  quinia  has  come  into  general  use  as  a  medicine,  and  has 
almost  superseded  the  use  of  bark. 

1929.  Quinia  may  be  extracted  from  the  yellow  bark   usually 

considered  as  the  ctnchoTia  cordifolia. 

The  bark  is  boiled  in  water  acidulated  with  lalphuric  acid:  the  solution  of  Process, 
sulphate  of  quinia  thus  formed  is  decomposed  by  lime ;  sulphate  of  lime  is 
formed,  and  the  quinia  mixes  mechanically  with  it,  as  it  is  precipitated.  Alcohol 
dissolves  the  qninia  and  leaves  the  sulphate  of  lime.  The  alcohol  being  evapo- 
rated, the  quinia  is  procured  by  itself;  neutralized  by  dilute  sulphuric  acid,  and 
boiled  with  animal  charcoal  to  destroy  the  colouring  matter,  a  solution  is  pro- 
cured, which  gives  crystals  of  the  sulphate  on  evaporation. 

1930.  As  sulphate  of  quinia  is  prepared  on  a  large  scale,  it  is  J*^!}?? 
more  convenient  to  obtain  quinia  from  that  salt.     Nothing  more  is  toiphate. 
necessary  than  to  dissolve  the  sulphate  in  water,  and  to  mix  the  so* 
lution  with  a  dilute  solution  of  ammonia.     The  quinia  falls  in  while 
flocks,  which  become  a  little  coloured  during  drying. 

1931.  It  crystallizes  with  difficulty  from  hot  alcohol  in  fine  nee- Characters, 
dies  and  then  is    in  the  state  of  a  hydrate.     Exposed  to  heat,  it 
softens  and  falls  down  as  a  white  powder ;  at  302^,  or  a  few  degrees 
higher,  it  melts  and  loses  the  whole  of  its  water  (T.).     Suddenly 
cooled,  it  becomes  yellow  and  brittle  ;  slowly  cooled,  it  assumes  a 

fibrous  texture,  and  becomes  opaque.     By  friction  it  becomes  nega- 
tively electric. 


*  The  atomic  composition  is  given  as  stated  by  Thomson. 

^  t  The  followiDff  process  was  adopted  by  Pelletier  and  Caventoa  for  the  extraction  of  Pcii*uir  and 
eiocfaoDis.  Two  kilogrammes  (4  2-6  lbs.  avoirdupois)  of  gray  bark  in  powder  were  di-  ^*7"^'' 
gestcd  in  6  kii  (13  1-5  lbs.)  of  alcohol.  This  treatment  was  repeated  four  times.  The  ^'^  * 
alcoholic  tinctures  were  all  united,  and  the  alcohol  was  distilled  off  after  the  addition 
of  two  litres  (122  cubic  inches)  of  water.    The  refidoal  liquor  was  filtered,  and  it  left 
on  the  filter  a  reddish  matter  apparently  resinous,  which  was  washed  with  water  con- 
uiniog  a  little  potaasa  till  the  uquid  passed  witnout  colour.    The  matter  remaining 
on  the  filter,  after  being  well  washed  with  distilled  water  is  greenish  whits,  very  fu- 
sible, soluble  in  alcohol,  and  capable  of  crystallizing^.    It  was  cinchonia  with  foreign         • 
matter.   It  was  purified  by  the  action  of  hydrochloric  acid,  magnesia,  and  repeated 
boiling  in  alcohol  which  dissolved  the  dnchonia. 

t  Ann.  de  Chim,  d,  FAyt.  xv.  S46. 
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chKp,ytL  1932.  When  freed  from  water  and  placed  in  that  l^aid,  qamia 
swells  and  absorbs  it.  Its  taste  is  intensely  bitter.  It  is  soluble  in 
200  times  its  weight  of  boiling  water ;  very  soluble  in  alcohol  and 
in  ether. 

Its  nlu         1933.  The  salts  of  quinia  are  distinguished  by  a  strong  bitter  taste ; 

g^lUl^.  those  in  crystals  have  a  pearly  lustre  ;  roost  of  them  are  soluble  in 
water,  and  several  in  alcohol  and  in  ether.  These  'solutions  are  pre- 
cipitated  by  oxalic,  tartaric,  and  gallic  acids,  and  also  by  infusion  of 
nutgalls. 

Statpbateof     1934.  Sulphate  of  Qiama.    The  powerfully  febrifuge  properties 

quiniii.  of  this  salt  have  introduced  it  into  general  use  as  a  medicine,  and  it 
has  become  an  important  article  of  manufacture,  especialiy  in 
France.*  The  process  usually  followed  is  the  following  of  H. 
Henri,  junior,  with  some  slight  modifications*t 

Adaltera-        1935.  Sulphate  of  quinia,  from  its  commercial  value,  is  frequently 

turn  detect- gclulterated.  The  surotances  commonly  employed  for  the  purpose 
are  water,  sugar,  gum,  starch,  atomoniacal  salts,  and  earthy  salts, 
such  as  sulphate  of  lime  and  magnesia,  or  acetate  of  lime.  Pure 
sulphate  of  quinia,  when  deprived  of  its  water  of  cr]rstallization  by  a 
heat  of  212°,  should  lose  only  from  8  to  10  per  cent,  of  water.  Su- 
gar may  be  detected  by  dissolving  the  suspected  salt  in  water,  and 
adding  precisely  so  much  carbonate  of  potassa  as  will  precipitate  the 
quinia.  The  taste  of  the  sugar,  no  longer  obscured  by  the  intense 
bitter  of  the  quinia,  will  generally  be  perceived  ;  and  it  may  be  se« 
parated  from  the'sulphate  of  potassa,  by  evaporating  gently  to  dry- 
ness, and  dissolving  the  sugar  by  boiling  alcohol.  Gum  and  starch 
are  left  when  the  impure  sulphate  of  quinia  is  digested  in  strong 
alcohol.  Amrooniacal  salts  are  discovered  by  the  strong  odour  of 
ammonia,  which  may  be  observed  when  the  sulphate  is  put  into  a 
warm  solution  of  potassa.  Earthy  salts  may  be  detected  by  burning 
a  portion  of  the  sulpbate.t 

Disalphmte.  1936.  Disutphate  of  QitijUa  effloresces ;  is  soluble  in  740  times 
its  weight  of  water  at  55°,  and  in  30  times  its  weight  of  boiling 
water.  It  dissolves  in  80  times  its  weight  of  alcohol  of  sp.  gr.  0.85. 
It  crystallizes  in  tufts  composed  of  fine  needles  of  a  pearly  lustre.  It 
fuses  and  then  resembles  liquid  wax :  at  a  higher  temperature  it  as- 
sumes a  fine  red  colour,  and  bums  without  leaving  any  residue. 

CompcMi-        From  Liebig's  analysis,  as  quoted  by  Thomson,  it  is  composed 

tion-  of  85  quinia,  10  sulphuric  acid,  and  4.17  water. 

■nJnkatL         1037.  Neutrol  sidpkate  of  quinia  may  be  formed  by  adding  a 
^^  '    little  sulphuric  acid  to  the  solution  of  the  disulphate.§ 

1938.  So/fctn,  G4HsO2,=43.0,  although  not  alkaline  is  analogous  to 

*  The  umoal  produce  io  Parii  exceeds  1800,00  ooncei  per  atiBom.    T. 

t  For  detaik  of  which,  see  T.  Or(f,  BotUet,  233,  and  Ure*s  Dkt.  Art*  tmd  Mtamff, 
1064. 

X  Severtl  of  the  preceding  directions  are  taken  from  a  paper  on  the  subject  bj  Phil- 
lips, PhXL,  Ma^.  and  Arm,  iii.  111.  f Turner.)  According  to  Thomson,  marranc  add 
and  boracic  acid  are  employed ;  the  former  maj  be  separated  by  weak  hydrochloric 
acid  which  dissolves  salphate  of  qainia  hat  leares  the  marsaric  acid }  the  lx>racic  acid 
is  discofered  by  incinerating  a  portion  of  the  suspected  salt. 

I  Bydro-ferrocyanaU  qf  Qumia  has  been  found  a  more  powerful  febrifas[e  tlian  the 
sulphate,  but  is  liable  to  decomposition.  For  the  method  of  preparing  this,  aad  Uie 
other  salu  of  quinia,  tee  T.  Or^,  Bodiet,  836. 


the  aUcalieff  (torn  ciiichon«.  It  i$  obtained  from  the  bark  of  the  willow    Bw8t.L 
{saiix  helix),  and  ^ista  in  several  species,  also  in  the  bark  of  the  Salidn, 
poplar  (p«^9»  trmnula).    It  i$  white,  very  bitter,  soluble  io  water 
aod  alcohol.     With  coocentrated  sulphuric  acid  it  becomes  of  a 
beautiful  red  colour ;  this  holds  with  solutions  containing  only  ^^ 
of  their  weight  of  it ;  and  the  presence  of  selicin  in  anv  bark  may 
thus  be  ascertained.    It  htts  been  employed  as  a  substitute  for      * 
quinku 

1939.  Veratria,  G34HaNOf,«288,  the  alkaline  pripqipl^f  nero^riMfi  Vtratrit. 
(Uh^n^  white  hellebore,  and  colMcum  anUimnalet  meadow  saffron, 

1his  the  aspect  of  resin,  is  white  and  fusible  at  about  840°.    Alco- 
hol and  ether  dissolve  it.    It  has  no  smell,  but  when  drawn  into  the  Chancten. 
nostrils,  even  i^  minute  quantity,  it  produces  violent  and  long-con- 
tinued sneezing.    Its  taste  is  excessively  acrid,  it  occasions  frightful 
vomiting,  and  a  few  grains  are  fatal."**" 

1940.  Strychnia  exists  in  the  seeds  or  fruits  of  several  spedea  of  strythak. 
strtfchnott  particularly  in  the  nux  vomica*    It  was  found  also  in  the 
poisonous  mattei^  calM  tf?>^-     It  is  inteosely  bitter,  and  requires  du^jg^^iQ^ 
3(500  times  its  weight  of  boiling,  and  6667  times  its  weight  of  cold 

water  for  solution.  It  is  highly  poisonous  ;  occasioning  violent  con* 
tractipns  of  the  muscles,  ana  tetanus ;  the  best  antidote  is  infusion  of 
n^tgalls,  or  warm  tea.  In  very  small  doses  it  has  been  employed  in 
paralysis,  and  it  is  said  sometimes  with  success. 

1941.  Brucia  resembles  the  foregoing,  and  has  been  found  to  ac- 
company it  in  the  different  vegetable  bodies  which  contain  it.f 

1942.  NarcoliruL   CiaHwNQis,  =^  370.24.    Discovered  by  Desrone  Ntreotiiw. 
in  1803.t     it  is  obtained  from  opium. 

Digest  opium  in  water,  filter  and  evaporate  to  the  consistence  of  an  extract.  Process. 
Ether  digested  on  this  extract  dissolves  the  narcotina  together  with  some  other 
substances.  Distil  off  the  ether,  and  dissolve  the  residaai  matter  in  hot  water 
or  boilinff  alcohol,  digest  the  solution  with  animal  charcoal.  Decant  the  clear 
Kqilid  and  precipitate  the  narcotina  by  ammonia.  If  not  white,  the  narcotina 
may  be  dissplvea  in  hydrochloric  acid,  and  the  solution  be  again  treated  with 
animal  charcoal,  thrown  down  by  ammonia,  washed  and  dried. 

1943.  Narcotina  is  white,  and  is  deposited  from  boiling  ether  or  ^'^''*^^*'"- 
alcohol  in  needle-form  crystals  of  a  pearly  lustre.     It  does  not  re* 

store  the  blue  colour  of  litmus  paper  reddened  by  acids  ;  but  as  it 
combines  with  and  neutralizes  acids  must  be  considered  as  an  alkali.  .    .      . 

1944.  Its  taste  is  not  bitter.     In  contact  with  hyponitrous  acid  it  byponi- 
assumes  a  carmine-red  colour  and  gives  out  red  vapours.     In  about  trous  add. 
half  a  minute  the  action  increases,  the  narcotina  catches  fire  and  burns 

with  a  large  white  flame.  There  remains  a  blackish  spongy  matter 
consisting  partly  of  charcoal  and  partly  of  bitter  principle  of  Welter, 
or  carbazotic  acid.^  It  is  insoluble  in  cold  water,  very  little  soluble 
in  boiling  water,  but  readily  soluble  in  ether  and  in  fixed  oils. 

1945.  The  salts  of  narcotina  may  be  obtained  by  dissolving  it  in  ^^^^' 
dilute  acids  and  concentration. 

1946.  It  may  be  introduced  into  the  stomach  without  producing  ^^^.^ 
any  deleterious  or  even  sensible  efiTect.     Orfila  administered  it  to  the 

*  Deiphxnia  exists  in  the  dtJj>hvnium  iiaphytagria^  or  stavesacre. 

t  Emetia  or  Emetina  is  obtained  from  the  various  roots  sold  under  the  name  of  ipe-  EoMOa. 
cacoanha.    These  are  the  roots  of  the  eephcelis  emstico,  eailicocea  ipecaewmhot  and 
vUOaemeHca,    T.  S63.  t  Ann,  de  Chim,  xlr.  267, 

iJdyr,  de  Pharm.  xxii.  88t. 
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cimp.  VII.  amount  of  several  drachms  a  day,  without  perceiving  any  action 

whatever.    It  was  speedily  fatal  however  to  dogs. 
Morphia.        1947.  Morphia — Morphina,    CmHisNOs,  »  ^4.      This  is  one  of 
the  most  important  of  the  vegetable  alkalies,  and  the  principle  on 
which  the  narcotic  properties  of  opium  depend ;  insoluble  in  cold 
water ;  boiling  water  dissolves  about  i^rr  of  its  weight  of  it ;  dis- 
solved by  boiling  alcohol,  crystallizing  in  six  and  four-sided  prisms, 
tasteless  when  pure.     Extremely  bitter  when  rendered  soluble  by 
alcohol  or  an  acid. 
Action  of        1948.  Nitric  acid  changes  its  colour  to  orange-red,  which  grada* 
nitn^i^   ally  passes  into  yellow.     By  heat  the  transparent  crystals  lose  6| 
^       ^    per  cent,  of  water  and  become  opaque  and  white.     If  the  heat  is 
increased  the  morphia  melts,  and  forms  a  yellow  liquid,  which  be- 
comes white,  and  crystalline  on  cooling :  by  continuing  the  heat,  it 
gives  out  a  resinous  odour,  and  bums  with  a  red  flame. 
ProcMt.  1949.  Morphia  is  obtained  by  various  processes  ^  the  following 

is  recommended  by  Thomson  : 

Macerate  opiam  in  twice  its  weight  of  water  for  84  hoori,  agitating  the  miZ" 
tare  occasionally  to  promote  solution.  Decant  and  pour  over  the  undissolved 
portion  a  new  quantity  of  distilled  water,  equal  to  the  ]x>rtion  first  employed. 
Kepeat  this  process  four  times,  or  till  everything  soluble  in  cold  water  be  liken 
op.  If  the  opium  be  of  good  quality,  about  three  fourths  of  it  will  be  dissolved 
and  the  remaining  fourth  remains  in  a  solid  state.  Filter  the  solutions  thus  ob' 
tained,  and  evaporate  the  whole  to  dryness  in  a  low  heat  to  prevent  any  portioo 
of  the  residue  from  being  decomposed  or  injured.  Pour  distilled  water  U|ion  this 
drv  residue.  1'he  whole  will  dissolve  except  a  brilliant  crystalline  matter, 
which  is  narcotina.  Heat  the  solution  to  the  temperature  of  2i2P  and  add  to  it 
ammonia  in  slight  excess.  Boil  the  mixture  for  ten  minutes,  to  drive  off  this  ex- 
cess, and  then  allow  the  liquid  to  cool.  The  morphia  precipitates  in  crystals, 
pretty  pure ;  but  a  portion  of  it  swims  on  the  surfiice,  mixed  with  impurity.  If 
the  morphia  thus  obtained  be  digested  in  sulphuric  ether,  a  portion  oi  narcotina 
is  dissolved,  and  the  morphia  is  rendered  more  pure.  It  may  be  rendered  quite 
pure  by  dissolving  it  in  boiling  alcohol,  digesting  the  solution  with  ivory  black, 
filtering  and  crystallizing.  This  process  should  be  repeated  three  or  four  times, 
in  order  to  free  the  morphia  from  all  impurity.  An  easier  mode  of  purifying  it 
is  to  dissolve  it  in  sulphuric  acid,  takinc  care  to  avoid  an  excess  or  acid.  By 
evaporation  the  sulphate  of  morphia  is  obtained  in  crvstals.  Let  this  salt  be  de- 
composed by  digesUng  it  with  magnesia.  The  sulphate  of  magnesia  is  washed 
off,  and  the  morphia,  which  is  mixed  with  the  excess  of  magnesia  employed,  is 
lo  be  dissolved  in  boiling  alcohol,  and  crystallized. 

Opium  yields  at  au  average  about  -^  of  its  weight  of  pure  mor* 
phia. 

Action  on        ^^^O.  When  pure,  owing  to  its  insolubility,  it  is  almost  inert ; 

animals,  for  Orfila  gave  twelve  grains  of  it  to  a  dog  without  its  being  fol- 
lowed by  any  sensible  efiect.  In  a  state  of  solution,  on  the  contrary, 
it  acts  on  the  animal  system  with  great  energy,  Sertuerner  having^ 
noticed  alarming  symptoms  from  so  small  a  quantity  as  half  a  grain. 
From  this  it  appears  to  follow  that  the  effects  of  an  over-dose  of  a 
salt  of  morphia  may  be  prevented  or  diminished  by  giving  a  dilute 
solution  of  ammonia,  or  an  alkaline  carbonate,  so  as  to  precipitate 
the  vegetable  alkali. 
.  1951.  Many  experiments  have  been  made  to  discover  a  ready 

of  morphia,  ^ode  of  detecting  morphia,  and  distinguishing  it  from  other  bodies. 
When  this  alkaline  substance,  or  any  of  its  salts,  is  placed  in  contact 

*For  which  see  B.ii.SS9;  JBdm. Med,  ond Surg.  Jour, Tioi,  lOTandlU;  A 
Jour.  xiii.  27. 
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with  a  neutral  solution  of  a  neutral  salt  of  peroxide  of  iron,  it  strikes  a     ^•ct*  i. 
blue  colour.    The  addition  of  a  slight  excess  of  acid  causes  this  co- 
lour to  disappear  immediately.     The  addition  of  too  much  water 
causes  the  blue  colour  to  pass  into  red. 

1952.  When  .opium  is  administered  as  a  poison,  its  presence  is 
rendered  obvious  by  the  peculiar  odour  of  that  drug,  as  well  as  by  the 
red  tint  given  to  persalts  of  iron  by  the  meconic  acid  of  the  opium ; 
but  when  death  is  occasioned  by  a  salt  of  morphia,  it  becomes  neces- 
sary to  eliminate  the  morphia,  a  practical  process  of  considerable  de- 
licacy. The  method  suggested  by  Lassaigne  for  detecting  acetate  LsaniipM's 
of  morphia,  may  be  applied  to  its  saline  combinations  in  general.*     method. 

The  suspected  solution  is  evaporated  by  a  teiii|>erature  of  212®,  and  the  residue 
treated  with  alcohol,  by  which  the  salt  of  morphia,  together  with  osmazome  and 
some  saltB,  is  dissolved.  The  alcohol  is  next  evaporated^  and  water  added  to 
separate  fatty  matter.  The  aqueous  solution  is  then  set  aside  for  spontaneous 
evaporation,  during  which*  the  salt  of  morphia  is  generally  deposited  in  crystals. 
From  an  aqueous  solution  of  the  salt,  ammonia  throws  down  a  crystalline  precipi- 
tate, which  may  be  recognised  as  morphia  by  the  combination  of  the  following* 
characters : — By  the  figure  of  its  crystabi ;  its  bitter  taste ;  solubility  in  alcohol ; 
alkalinity ;  by  the  orange-red  tint  developed  by  nitric  acid ;  and  by  the  peculiar 
action  of  iodic  acid.  The  last  character  is  particularly  valuable  in  distinguishinc 
morphia  from  other  vegetable  alkalies :  the  latter  combine  with  iodic  acid  ana 
form  iodates ;  but  morphia  decomposes  iodic  acid,  and  sets  iodine  firee,  which 
may  then  be  detected  oy  starch.  A  grain  of  morphia  in  7000  grains  of  water 
may  be  discovered  by  this  test.t    T. 

1953.  Hydrochlo^ate  of  Morphia.     This  salt  is  much  employed  in  ^7^*^ 
Edinburgh  as  a  medicine.t     It  crystallizes  in  needles,  and  dissolves  ^  ^^^' 
in  from  15  to  20  times  its  weight  of  cold,  and  in  less  than  its  weight 

of  boiling  water. 

1954.  Acetate  of  Morphia  is  less  convenient  in  medical  practice  Acetate, 
than  the  foregoing  salt,  being  variable  in  constitution.     It  is  apt  to 

lose  a  portiiin  of  its  acid,  even  when  kept  in  crystals  ;  and  during 

*Ann,  de  Oiim.  et  de  Phya.  xxf.  102. 

t  SeruUas.    Robiuet,  in  Jour,  de  Pharm.  ziii.24.    For  Hare's  method  of  detecting 
minute  quantities  of  opium,  see  Amer.  Jour.  xii.  390. 

tThe  method  of  preparing  it  now  in  general  use  was  suggested  by  Robertson,  and  Ottpuj»%  pr»- 
improTed  by  Gregory  and  Robiquet,  Eim.  Med,  and  Surg:  Jour.  Nos.  107  and  111,  ^HSJ^^^^ 
and  Jour,  ae  Pharm.  zix.  166.  ^  The  aqueous  solution  of  opium  is  concentrated  in  a  morphia, 
vessel  of  tinned  iron,  to  the  consistence  of  a  thin  syrup,  when  a  8lig[ht  excess  of  chloride 
of  calcium,  neutral,  and  quite  free  from  iron,  is  added.  The  mixture  is  boiled  for  a 
few  minutes,  and  then  poured  into  an  evaporating  basin.  Resinous  flocks,  meconate 
of  lime,  and  colouring  matter  precipitate.  But  this  last  matter  does  nut  separate  weU 
unless  the  liq^aid  has  t>een  sufficiently  concentrated.  After  this  deposit  has  subsided, 
the  clear  liquid  is  evaporated  on  the  sand-bath.  During  the  eraporation  a  new  depo- 
sition takes  place,  which  roust  be  separated  before  the  liquid  be  allowed  to  crystallize. 
The  concentrated  liquid  is  now  to  be  allowed  to  cool,  under  constant  agitation.  The 
crystals  of  hydrochlorate  of  morphia  are  deposited  in  abundance.  They  are  to  be  put 
into  a  stout  cloth,  and  subjected  to  pressure,  which  squeezes  out  a  black  liquid,  con- 
taininff  various  impurities.  The  crystals  are  now  to  be  dissolted  in  water,  at  70®, 
filtered  throuffh  cloth,  mixed  with  a  little  chloride  of  calcium,  crystallized  and  com- 
pressed as  before.  These  crystals  are  a^in  dissolved  in  water,  the  liquid  is  satu- 
rated with  chalk  and  animal  charcoal  bemR  added,  the  whole  is  digested  for  24  houre 
at  194®.  It  is  then  filtered  and  concentrated.  The  crystals  are  deposited  rapidly,  and 
when  freed  from  the  mother  water  they  are  white  and  neutral.  The  salt  thus  ob- 
tained in  dried  at  a  temperature  of  160®.  It  usually  amounts  to  about  one  tenth  of 
the  weight  of  opium  employed,  and  consists  of  hydrochlorate  of  morphia  and  a  little 
hydrochlorate  of  codeine ;  from  which  it  might  probably  be  freed  by  digesting  in 
•tber.    T.Or^.J?««ss,27l.  — «     r         / 
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ohap.vn.  the  evaporation  crystals  of  morphia  are  sodietiines  deposited.    It  is 

readily  formed  by  dissolving  morphia  in  acetic  acid.* 

Cod«ia.  1955.  Codeia  was  discovered  in  1832,  by  Robiqaet,  in  the  hydro- 

chlorate  of  morphia  made  by  Gregory's  process.  (1953  n.)  Ammonia 
added  to  a  solution  of  this  substance  in  water  precipitates  the  mor- 
phia, leaving  the  codeia  in  solution,  which  can  be  separated  by 
crystallization.  Il  has  an  alkaline  reaction,  fuses  when  heated  to 
300^,  does  not  render  nitric  acid  red,  and  is  more  soluble  in  water 
than  morphia. 

1956.  in  doses  of  from  4  to  6  grains  it  produces  an  excitement 
similar  to  intoxication,  which  is  followed  by  depression,  nausea,  and 
vomiting. 

Nareeia.  1957.  Narceiai  is  another  alkali  discovered  by  Pelletier  in  the 
watery  infusion  of  opium.  It  is  white  and  crystalline,  melting  at 
about  200^.  Its  salts  are  blue  when  dissolved  in  a  particular  quan- 
tity of  water,  the  colour  changing  to  violet  and  red  as  it  is  increased. 

Tbebaia.  ^  195S.  Thebaia  is  the  name  of  an  alkaline  principle  found  in  opium, 
which  is  considered  the  same  as  the  pwranuyrpMne  of  Pelletier.  It  is 
white,  crystalline,  soluble  in  ether,  and  fuses  at  266^ 

Meoonia.  1959.  ilfeoemta.  Ct9H504.  This  is  another  constituent  of  opium, 
but  is  not  possessed  of  alkaline  properties,  and  contains  no  nitrogen. 
It  is  found  in  minute  quantity,  opium  yielding  but  abodt  ^^^u  of  its 

Cbtmcten.  weight  of  meconia.  It  is  white,  has  no  odour,  and  when  first  put 
into  the  mouth  has  no  taste,  but  soon  imparts  an  impression  of  acri- 
dity. It  is  soluble  in  water,  alcohol  and  ether.  It  fuses  at  194^. 
It  resembles  fat  in  appearance.^ 

Brads.  1960.  Brueia  or  Brucina  resembles  strychnia  (1940),  and  may  be 

procured  from  the  nux  vomica  in  small  quantity,  and  also  from  the 
Brueia  aTtti-dysentericaJi  Like  morphia,  it  strikes  a  deep  red  tint 
with  nitric  acid,  and  strychnia,  which  produces  this  efibct,  is  consi- 
dered as  containing  a  small  portion  of  brueia.  It  acts  upon  animals 
like  strychnia,  but  is  a  less  active  poison.     It  is  intensely  bitter. 

Cooia.  1961.  Conia  is  the  active  principle  of  conium  macutatum^  or  hem- 

lock, and  next  to  hydrocyanic  acid,  the  most  virulent  poison  known. || 

PariJlia.  1962.  ParUlia  or  PariUina  exists  in  the  root  of  smilaxMasa^TiUa^ 

common  sasaparilla  of  commerce.     It  is  white,  of  a  peculiar  odoar, 

*  The  basis  of  Battley*s  aedoHpe  Uquor  is  supposed  to  be  acetate  of  morpUa. 
t  Probably  from  pagxtjt  torpor, 

t  From  40  lbs.  of  opiam  Cooerbe  obuiioed 

00  oonoes  of  morphia, 
H    **         codeia, 
1      **         thebaia, 
1      *\         DMOooia, 
I     "  naioeia. 

Colour  produced  b^  agitating  the  preceding  substances  with  sulpharic  add  raized 
with  a  little  nitric  acid :  ^ 

Morphia  giTes  a  brownish  colour. 

Codeia         <*     green  " 

Thebaia       •*     yellow  rose" 

Meconia       "     turmeric  yellow  and  then  a  red 

Narceia       "     chocolate     <*  (Reid.) 

f  ^\d8e  ongptBtura,  the  seeds  of  which  were  brought  from  Abjssiaia  by  ihe  timTalltr 
Brace. 

I)  See  Chriatison  in  Tnau,  Edau  Roy.  Soe.  xiii. 
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a  sharp  bitter  taate,  and  naoaeous.    When  swallowed  to  the  extent    Sect,  it. 
of  13  grains,  it  occasions  nausea,  yomiting,  diminishes  the  rapidity 
of  the  pulse,  and  acts  as  a  sudorific 

1963.  Nicotina  exists  in  the  leaves  and  seeds  of  tobacco.     At  Nicotiii«. 
common  temperatures  it  is  a  liquid  of  the  consistence  of  honey,  of 
an  acrid  taste  and  a  brown  colour.    It  is  a  yirulent  poison.    Its  salts 
are  distinguished  by  their  taste  of  tobacco  and  their  acrid  causticity** 


SacTioN  II.     Intermediate  Bodies. 

1964.  In  this  class,  which  is  merely  temporary,  Thomson  has 
placed  all  the  vegetable  principles  which  seem  capable  of  entering 
into  definite  compounds  with  other  bodies,  and  which  have  not  as 
yet  been  proved  by  satisfactory  experiments  to  be  either  acid  or 
alkaline. 

Alcohol  and  its  Compounds, 

1965.  Alcohol,  G4H5O-I-HO,  eq.  46.00,  is  the  intoxicating  ingre-  Alcohol, 
dient  of  all  spirituous  and  vinous  liquors.     It  does  not  exist  ready 
formed  in  plants,  but  is  a  product  of  the  vinous  fermentation. 

1966.  Common  alcohol  or  spirit  of  wine  is  prepared  by  distilling  Spirit  of 
whiskey  or  some  ardent  spirit,  and  the  rectified  spirit  of  wine  is  ^*'**- 
procured  by  a  second  distillation.     The  former  has  a  sp.  gr.  of 
about  0.867,  and  the  latter  of  0.835  or  0.84.     In  this  state  It  contains 

a  quantity  of  water,  from  which  it  may  be  freed  by  the  action  of 
substances  which  have  a  strong  affinity  for  that  liquid. 

TbuB,  when  carbonate  of  potaaaa  heated  to  SOO^'  is  mixed  with  spirit  of  wine,  panHej. 
the  alkali  nnites  with  the  water,  forming  a  dense  solntion,  which,  on  standing, 
separates  from  the  alcohol,  so  that  the  latter  mav  be  removed  by  deoantadon. 
To  the  alcohol,  thus  deprived  of  part  of  its  water,  nesh  ]x>rtions  of  the  dry  carbo- 
nate are  saccessively  aaded,  until  it  falls  through  the  spirit  without  being  moist- 
ened. Other  substances,  which  have  a  powerful  attraction  for  water,  maj  be 
■abstitoted  for  carbonate  of  potasaa.  Gay-Lossac  recommends  the  use  of  pure 
lime  and  baryta  ;t  and  dry  alumina  may  also  be  employed. 

A  very  convenient  process  is  to  mix  the  alcohol  with  chloride  of  calcium  in 
powder,  or  with  quicklime,  and  draw  off  the  stronger  portions  by  distillation. 
Another  process,  which  has  been  recommended  fbr  depriving  alcohol  of  water,  is 
to  pat  it  into  the  bladder  of  an  ox,  and  suspend  it  over  a  sand-bath. 

The  strongest  alcohol  which  can  be  procured  by  any  of  these  pro- 
cesses has  a  sp.  gr.  of  0.796  at  60^  F.  This  is  called  absolute  alco- 
hol, to  denote  its  entire  freedom  from  water. 

*The  following  table  exhibits  the  quantity  of  this  substance  yielded  \g  1000  parts 
of  various  kinds  of  tobacco : 

Cuba  .... 

Maryland  *  . 

Virginia      .  .  . 

IledeVilain       .... 
Lot  .... 

North  .... 

Lot-et  Garonn 
For  smoking       .... 

T 
Several  other  principles  aoalo^tts  to  the  foregoing,  have  been  obtained  from  vari- 
ous plants,  on  which  their  activity  depends.    These  have  been  particularly  described 
together  with  the  processes  for  obtainmg  them  in  Thomson's  late  volume. 

t  An,  de  Ch,  Ixzzvi.  t  Jottr  de  SaL  xviii. 
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8.64 

5.28 
10.00 
11.20 

6.48 
11.38 

8.20 

3.86 
Organic  Bodieif  286. 
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Chap  viu       1969.  Aq  eleganc  and  easy  proceaa  for  piocitfiog  siMolttletlcobolp 
Absolute     has  been  proposed  by  Graham.^    A  large  shallow  basin  is  covered 
alcohol.      (Q  Q  scnali  depth  with  quicklime  in  coarse  powder,  and  a  smaller  ooe 
containing  three  or  four  otnices  of  commercial  alcohol  is  supported 
just  above  it     The  whole  is  placed  upon  the  plate  of  an  air-pamp, 
covered  by  a  low  receiver,  and  the  air  withdrawn  until  the  slcohol 
evinces  signs  of  ebullition.     Little  alcohol  evaporates,  as  its  vapoar 
is  not  condensed  by  lime,  but  all  the  water  evaporates  and  its  Tapour 
is  absorbed  by  the  lime.     Common  alcohol  is  in  this  way  entirely 
deprived  of  water  in  the  course  of  about  five  days.     The  tempera- 
ture should  be  preserved  as  uniform  as  possible  during  the  piocess. 
Sulphuric  acid  cannot  be  substituted  for  quicklime,  since  both  ra* 
pours  are  absorbed  by  this  liquid. 
Soemer-  1968.  According  to  Soemering  when  spirit  of  wine  is  enclosed  is 

penmeots.  &  bladder,  and  exposed  for  some  time  to  the  air,  it  is  converted  into 
alcohol,  the  water  only  escaping  through  the  coats  of  the  bladder.t 
Christi-      But  the  recent  experiments  of  Christison  do  not  confirm  this,  who 
wrimMts.  ^"°^"^  ^^^^  spirit,  whatever  its  strength,  became  weaker  when  thus 
exposed.     They  however  confirm  the  results  obtained  by  Graham, 
and  absolute  alcohol  of  the  density  of  .796  was  obtained  in  tm 
months  by  exposing  rectified  spirit  in  an  open  cup  enclosed  in  a  coo- 
fined  space  with  quicklime.^ 
Propertiet.       1969.  Alcohol,  obtained  by  slow  and  careful  distillation,  is  a  lio^ 
pid,  colourless  liquid,  of  an  agreeable  smell,  and  a  strong  puogeot 
flavour.     Its  specific  gravity  varies  with  its  purity  ;  the  purest  ob* 
tained  by  rectification  over  chloride  of  calcium  being  .791;  as  it 
usually  occurs  it  is  .820  at  60°.     If  rendered  as  pure  as  possible  by 
simple  distillation,  it  can  scarcely  be  obtained  of  a  lower  specific  gra- 
vity than  .^5,  at  60^     Absolute  alcohd  boils  at  168}''  F.$ 
Effect  of         1970.  Hutton  is  said  to  have  succeeded  in  freezing  alcohol,  bai 
^^'  the  fact  is  doubtful,  as  the  means  by  which  he  efiected  its  coogeia- 

tion  w«re  never  disclosed.  Walker  exposed  it  to  a  temperature  of 
— 91  but  no  congelation  took  place.  Even  when  diluted  with  an 
equal  weight  of  water,  it  requires  a  cold  of  6^  below  0  to  congeal  it 
When  of  a  specific  gravity  of  .810,  it  boils  at  the  temperature  of 
173.5",  the  barometrical  pressure  being  90  inches.  In  the  vacuum  of 
an  air-pump  it  boils  at  common  temperatures. 

1971.  Alcohol  may  be  mixed  in  all  proportions,  with     ^-^ 
water,  and  the  specific  gravity  of  the  mixture  is  greater 
than  the  mean  of  the  two  liquids,  in  consequence  of  a  di* 
minution  of  bulk  that  occurs  on  mixture,  as  may  be  shown 
by  the  following  experiment : 

Fig.  190  represents  a  tube  with  two  bulbs,  communi^atina  with 
each  other,  tne  upper  one  being  supplied  with  a  well  ground  glass 
stopper.  Fill  the  tube  and  lower  bulb  with  water,  pour  alcohol 
slowlv  into  the  upper  bulb,  and  when  full  put  in  the  stopper.  The 
vessel  will  now  be  completely  filled,  the  alcohol  lyinff  upon  the  wa- 
ter; if  it  be  inverted,  the  alcohol  and  water  will  slowly  mix  and  th« 


*  Edxn.  PhiL  Trang,  168S. 

t  Quart,  Jour.  viii.  3S1,  and  Henderson's  Mtt  <if  WvnifMt  Lond.  1824. 

X  Bdixi,  Pha.  Jour,  July,  1839.  §  Ure. 
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,^^^„ ^  ttiat  ewnm  will  be  iadievtod  by  the  eapt|'  speee  io  Ibe  tabe.    A    Beet,  tl. 

eoosiderable  rise  of  temperature  takes  place  in  this  expenmoat  in  consequenoe  of 
the  condensation. 

1972.  The  strength  of  such  spirituous  liquors  as  consist  of  little  Strength 
else  thap  water  and  alcohol,  is  of  course  ascertained  by  their  specific  uined. 
gravity;  and  for  the  purpose  of  levying  duties  upon  them,  this  is  as* 
certained  by  the  hydrometer.*  But  the  only  correct  mode  of  ascer- 
taining the  specific  gravity  of  liquids,  is  by  weighing  them  in  a  deli- 
cate balance  against  an  equal  volume  of  pure  water,  of  a  similar 
temperature.t  Proof  spirit  contains  equal  weights  of  alcohol  and 
water ;  sp.  gr.  0.917. 

1873.  There  are  other  methods  of  judging  of  the  strength  of  spi- 
rituous liquors,  which,  though  useful,  are  not  accurate,  such  as  the 
taste,  the  size  and  appearance  of  the  bubbles  when  shaken,  the  sink- 
ing or  floating  of  olive  oil  in  it,  and  the  appearances  exhibited  when 
burned ;  if  it  burns  away  perfectly  to  dryness,  and  inflames  gunpow- 
der or  a  piece  of  cotton  immersed  in  it,  it  is  considered  as  alcohol: 
the  diflerent  spirituous  liquors  leave  variable  proportions  of  water 
when  thus  burned  in  a  graduated  vessel. 

1974.  Alcohol  is  extremely  inflammable,  and  burns  with  a  pale  Q^mbDa. 
blue  flame,  scarcely  visible  in  bright  daylight.     It  occasions  no  fuli-  tion  of  al- 
giuous  deposition  upon  substances  held  over  it,  and  the  products  of  ^^^ 
its  combustion   are  carbonic  acid  and    water,  the  weight  of  the 

water  considerably  exceeding  that  of  the  alcohol  consumed.  A&> 
cording  to  Saussure^  iun.,  100  parts  of  alcohol  afibrd,  when  burned, 
136  parts  of  water,  t^e  production  of  which  may  be*  shown  by  sub- 
stituting the  flame  of  alcohol  for  that  of  hydrogen,  in  the  apparatus 
described  in  Chapter  iii.,  under  the  article  Water  (403).  and 
if  the  tube  at  its  extremity  be  turned  down  into  a  glass  jar,  it  will  be 
found  that  a  current  of  carbonic  acid  passes  out  of  it,  which  may  be 
rendered  evident  by  lime  water. 

There  are  some  substances  which  communicate  colour  to  the 
flame  of  alcohol ;  from  boracic  acid  it  acquires  a  greenish-yellow 
tint ;  nitre  and  the  soluble  salts  of  baryta  cause  it  to  burn  yellow, 
and  those  of  strontia  give  it  a  beautiful  rose  colour;  en-  Fig.  i9i. 
preous  salts  impart  a  fine  green  tinge. 

1975.  Alcohol  dissolves  pure  soda  and  potassa,  but  it 
does  not  act  upon  their  carbonates :  consequently,  if  the 


*  The  hydrometer  of  Bate,  constructed  for  the  Commissioners  of  Great 
Britain,  has  a  scale  of  4  inches  in  length  divided  into  100  parts  and  9 
weights,  giving  a  range  of  900  dtvisioos,  and  eipreases  specific  gravities  at 
the  teroperaiare  of  62*^  F.  To  reader  this  instnimeot  so  acenrate  as  to  in* 
volve  no  error  of  appreciable  amount,  the  weiehts  are  constructed  so  that 
each  successive  weight  has  an  increase  of  bula  over  the  preceding  weight 
aqoal  to  that  part  of  the  stem  occupied  by  iha  scale,  and  an  increase  of 
weight  suffideot  to  lake  the  whole  of  the  scale,  and  no  more,  down  to  the 
liquid.  Fig.  191  represents  this  instrument  and  two  of  its  nine  ballast 
weiglita.  It  oomprenends  all  specific  gravities  between  620  end  1000  and 
indicates  true  sp.  gr,  with  ahnost  perfect  accuracy  at  62°  F.  lire's  Did, 
AtU  and  Man^f.  23. 

In  France  the  aleoomitre  of  QayXussac  is  employed,  for  which  see  Ibid. 
In  the  Unitad  States  the  hydrometer  of  Dicas  is  used. 

t  In  the  Phil.  7)ran».  for  1794,  Gilpio  has  given  a  copiona  and  valua- 
Me  series  of  tables  of  the  specific  grantj  of  mixtures  of  alcohol  and  water, 
and  of  the  condensation  that  ensues,  with  several  other  particulars.  Other 
tables  by  Trallea  and  Gay-Lnaaac,  will  be  found  in  Ure'a  Did.  ArU  md 
Manuf.  18—24. 
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Cfc'P'VM-  latter  be  mixed  with  alcobol  containing  water,  the  liquor  separates 
into  two  portions,  the  upper  being  alcohol  deprived  to  a  considera- 
ble extent,  of  water,  and  the  lower  the  aqueous  solution  of  the 
carbonate.  The  alcoholic  solution  of  csustic  potassa  was  known  in 
old  pharmacy  under  the  name  of  Van  Helmont's  Tincture  of  ToT" 
tar.    Its  use  in  purifying  potassa  has  already  been  stated  (845). 

1976.  The  greater  number  of  sulphates  are  insoluble  in  this  men- 
struum, but  it  dissolves  many  of  the  hydrochlorates  and  nitrates.  It 
also  dissolves  the  greater  number  of  the  acids.  It  absorbs  many 
gaseous  bodies.  It  dissolves  the  vegetable  acids,  the  volatile  oils, 
the  resins,  tan,  and  extractive  matter,  and  many  of  the  soaps ;  the 
greater  number  of  the  fixed  oils  are  taken  up  by  it  in  small  quanti- 
ties only,  but  some  dissolve  largely.* 

1977.  Graham  has  shown  that  alcohol  may  in  many  instances 
be  C4)mbined  with  saline  bodies,  performing  as  it  were  the  part  of 
water  of  crystallization.  Such  combinations  may  be  termed  alco* 
hates.  They  are  obtained  by  dissolving  the  substances  by  heat  in 
absolute  alcohol,  and  are  deposited  as  the  solution  cools,  more  or  less 
regularly  crystallized.  They  appear  to  be  definite  compounds,  and 
in  some  of  them  the  alcohol  is  retained  by  an  attraction  so  powerful, 
as  not  to  be  evolved  at  a  temperature  of  400^  or  SOff*A 

1978.  When  the  vapour  of  alcohol  is  passed  through  a  red-hot 
copper  tube,  it  is  decomposed,  a  portion  of  charcoal  is  deposited,  and 
a  large  quantity  of  carburetted  hydrogen  gas  is  evolved. 

1979.  Alcohol  exists  ready  formed  in  wine  and  spirituous  liquors, 
and  may  be  collected  without  heat.  Brandet  procured  it  from  wine 
by  precipitating  the  acid  and  extractive  colouring  matters  by  suba- 
cetate  otlead,  and  then  depriving  the  alcohol  of  water  by  dry  carbo- 
nate of  potassa:  the  pure  alcohol  may  then  be  measured  in  a 
graduated  tube.  Gay-Lussac  obtained  alcohol  from  wine  by  distil- 
ling it  in  vacuo  at  the  temperature  of  60^  F.  He  also  succeeded  in 
separating  the  alcohol  by  the  method  of  Brande ;  but  he  suggests 
the  employment  of  li^iarge  in  fine  powder,  instead  of  subacetate  of 
lead,  for  precipitating  the  colouring  matter.^ 

1980.  The  preceding  researches  of  Brande  led  him  to  examine 
the  quantity  of  alcohol  contained  in  spirituous  and  fermented  liquors. 
According  to  his  experiments,  brandy,  nlm,  gin,  and  whiskey,  con- 
tain from  51  to 54  percent,  of  alcohol,  of  specific  gravity  0.825.  The 
stronger  wines,  such  as  Lissa,  Raisin  wine,  Marsala,  Port,  Madeira, 
Sherry,  Teneriffe,  Constantia,  Malaga,  Bucellas,  Calcavella,  and  Vi- 
donia,  contain  from  between  18  or  19  to  25  per  cent,  of  alcobol.  In 
Claret,  Sauteme,  Burgundy,  Hock,  Champagne,  Hermitage,  and 
Gooseberry  wine,  the  quantity  is  from  12  to  17  per  cent.  In  cider» 
perry,  ale,  and  porter,  the  quantity  varies  from  4  to  near  10  per 
cent.  In  all  spirits,  such  as  brandy  or  whiskey,  the  alcohol  is  sim- 
ply combined  with  water ;  whereas  in  wine  it  is  in  combination  with 

*  It  imy  be  remarked  that  many  erron  exist  in  the  pobliihed  estimates  of  the  solu- 
bility of  substances  in  alcohol,  arising  from  the  ejcistence  of  water  either  in  the  solyeot 
or  substanee  dissolved. 

t  Giaham  has  eiamined  the  alcoholic  combinations  of  chloride  of  caldmn.  nitrate 
of  magnesia,  die.  see  QiutrC.  Jawr,,  N.  S.,  Dec  1828. 

tna.  TtamM.  J8I1  and  1SI3.  iMeau  tPAfemeU^  vol  iu. 
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maeilagiDoas,  saccharine,  and  other  regetable  principles,  a  condition   »>et.  ir 
which  tends  to  diminish  the  action  of  the  alcohol  upon  the  system.* 

1081.  From  recent  experiments  Christtson  is  of  opinion  that  the  christi- 
alcoholic  strength  of  many  wines  has  been  overrated.     The  follow- Bon'snetnt 
ing  table  shows  some  of  his  results ;  the  first  column  gives  the  per-  ^^^f 
centage  of  absolute  alcohol  of  sp.  gr.  793.9,  by  weight,  and  the 
second  the  per*centage  of  proof-spirit  sp.  gr.  920  by  volume. 

Port— weakoBt  -  • 

mean  of?  wines  ... 

ftron^st         •  .  >  - 

white  port  .  •  •  - 

Sheny — weaxest     .  .  -  - 

mean  of  13  wines,  excluding  those  rery  long 

kept  in  casks  .  -  - 

strongest 

mean  of  9  wines  very  long  in  cask  in  the 

East  Indies  ... 

Madre  da  Xeres     .  .  - 

«j.j»:^  (  ali  lone  in  cask  in  )  strongest 
Madeira  J   ^^^  ^e^^  j^^.^    J  w^ni^tH     - 

Teneriffe,  long  in  cask  at  Calcutta 
Cercial  .  .  •  •  . 

Dry  Lisbon  ..... 

Claret,  a  first  growth  of  1811 
Cbateau-Latour,  first  growth  1825 
Ordinary  Claret,  a  superior  ^  Yin  ordinaite'* 
Malmsey  ..... 

Rudesheimer,  superior  quality 

Do.  interior  -  .  - 

Giles*  Edin.  Ale  before  bottling 
Same  ale  2  years  in  bottle  ... 

Superior  London  Porter  4  months  bottled    - 

1982.  The  composition  of  alcohol  in  the  state  of  vapour  is  thus  Composi- 

stated  by  Thomson  :  **«>  ?f  *^ 

''  cohol  Ta- 

1  vol.  defiant  gas  .        ...  0.9722  sp.  gr.  pour  ae- 

1    **   rapoor  mT  water^  0.6250     <*  oordiog  to 

— ^  Thomson, 
1.5972      " 

condensed  into  1  vol. ;  so  that  its  sp.  gr.  is  1.5972  when  in  the  state 
of  vapour. 

1983.  Olefiant  gas  is  a  compound,  2  vols,  carbon  vapour,  and  2 
vols,  hydrogen  gas  united  together,  and  condensed  into  1  volume. 
So  that  a  vol.  of  it  is  equivalent  to  2  atoms  of  carbon,  and  2  atoms 
hydrogen. 

1984.  Liebig  has  given  another  view  of  the  composition  of  alcohol,  Liebig's 
founded  upon  the  experiments  lately  made  to  determine  the  compo-  ^^' 
sition  of  ether.     According  to  him,  ether  contains  no  water,  but  is 
composed  of  G^s-I-O,  or  it  is  an  oxide  of  (C4H5).     Alcohol  is  a  hy- 
drate of  ether,  or  it  consists  of  (C4H50)-|-HO.     This  view  recom- 
mends itself  by  its  simplicity,  and  by  the  facility  which  it  presents  to 

us  in  explaining  the  nature  of  the  numerous  compounds  formed  by 
means  of  alcohoUt 

*  For  Brando's  table  of  proportion  of  alcohol  in  wines,  see  bis  Oiem.  ii.  665. 
t  Edin.  PMUm,  Jour.  July,  1830.  t  Thomson,  Org.  Bodiet,  300. 


Akoholp.  c. 

Br  W«K 

14.97 

^•ts«£' 

30.56 

16.20 

33.91 

17.10 

37^27 

14  97 

31.31 

13.98 

30.84 

^    15.37 

33.59 

16.17 

35.19 

14.72 

32.30 

16.90 

37.06 

14.09 

30.80 

16.90 

36.81 

13.84 

30.21 

15.45 

33.65 

16.14 

34.71 

7.72 

16.95 

7.78 

17.  6 

8.99 

18.96 

12.86 

28.37 

8.40 

18.44 

6.90 

15.19 

5.70 

12.60 

6.06 

13.40 

5.36 

11.91t 
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Aldehyde. 


BjtpoDgy 
pMonani. 


Properties. 


A  toWeou 


Action  on 
oxide  of 
tilTer. 


Liebig's 
uiniyefn. 


1 18fi.  JUdekyde^^  This  remarkable  mtetanee  was  first  n^tieed  fay 
Dobereiner,  but  fasa  been  particularly  examined  by  Liebig.t 

19S6.  It  is  a  colourless  liquid,  having  a  peculiar  ethereal  smell 
and  is  obtained  by  passioff  ibe  vapour  of  ether  through  a  large  glass 
tube  heated  to  redness.  The  products  beiog  iutrodoced  into  sulphu- 
ric ether,  the  aldehyde  is  retained  in  combination.  Dry  ammooiscai  gas 
IS  then  passed  into  the  solution,  which  forms  a  crystalline  compound 
with  tbe  aldehyde,  termed  ammonia  aldehyde.  From  this  compound  it 
is  procured  by  adding  an  equal  weight  of  water,  and  then  diluted  sul- 
phuric acid  to  upite  with  the  ammonia,  heating  it  afterwards  in  a 
retort*!  The  product  of  distillation  is  hydrated  aldehyde,  which  is 
separated  from  the  water  by  distilling  it  from  chloride  of  calcium. 

1967.  Aldehyde  may  also  be  formed  by  the  action  of  spongy  pla- 
tinum with  air  and  alcohol,  or  by  distillation  from  4  parts  of  water 
and  4  ofialcoho!,  mixed  with  6  of  peroxide  of  manganese,  and  6  of 
aqueous  sulphuric  acid. 

1968.  It  is  very  volatile,  of  sp.  gr.  0.790,  and  boiling  at  71^^. 
Its  vapour  when  inhaled  produces  a  kind  of  cramp  in  the  stomach. 
It  combines  with  water  in  all  proportions,  with  evolution  o(  heat.  It 
takes  fire  readily,  burning  with  a  pale  flame  and  much  light  Kept 
in  a  vessel  full  of  air  it  absorbs  oxygen,  and  is  converted  into  very 
concentrated  acetic  acid;  this  is  promoted  by  spongy  platinum. 

1989.  Aldehyde  dissolves  sulphur,  phosphorus,  and  iodine ;  ab- 
sorbs chlorine  and  bromine  with  production  of  hydrochloric  and  hy- 
drobroraic  acids.^ 

1990.  When  heated  with  water  and  oxide  of  silver,  at  first  mode- 
rately and  then  raised  to  the  boiling  temperature,  iu  a  glass  tube,  the 
silver  is  revived  and  covers  the  glass  with  a  brilliant  coating.  The 
oxide  of  silver  is  also  reduced  when  a  few  drops  of  ammonia  are  ad- 
ded to  aqueous  aldehyde  and  it  is  heated  with  the  oxide,  affording  an 
easy  method  of  ascertaining  the  presence  of  the  smallest  quantity  of 
aldehyde  in  any  liquid. 

1991.  When  kept  in  vessels  to  which  air  has  access,  oxygen  is 
absorbed,  and  prismatic  crystals  are  formed,  which  fuse  at  21^,  and 
at  a  higher  temperature  sublime.  They  are  hard,  inflammable,  and 
soluble  in  alcohol  and  ether. 

1992.  Liebig  analysed  aldehyde  by  heating  it  with  oxide  of  cop- 
per ;  the  result  was  as  follows  : 

Carbon     -  53  67    or  4  atome  s  9.0    or  per  eent.    54.55 

Hydrogen  -         8.97    or4    ^      « 0.5    or      ««  9.09 


Oxygen 


37.36    or  2    " 


100.00 


2.      or 
5.5 


u 
u 


36.36 

100.00 


*  From  aleofud  deh^ratua. 

t  Ann,  de.  OUm.  et  Phya.  liz.  396,  and  .Ann.  de  Phtam.  ztv.  13S. 

t  For  mioQte  details,  aee  T.  Organic  Bodietf  901. 

9  Liebig  is  of  opinion  that  in  these  reactions  the  aldehyde  it  changed  into  chloral 
wid  oroMiac. 


Tim  deosky  df  ils  vapoiir  he  found  l.fflSf.*  8^"^ 

1993.  Aldehyde  resin  is  produced  when  potassa  ie  dissolved  in  Aldehf^ 
akohol,  and  roost  speedily  when  the  access  of  air  is  permitted.     It  ^^**^' 

is  to  the  presence  of  this  substance  that  the  alcoholic  solution  of  po-> 
tassa  owes  its  reddish*brown  colour.  It  is  produced  also  whett  a 
solution  of  potoAsa  in  alcohol  and  aeetol  is  exposed  to  the  air.  This 
is  a  useful  character  to  enable  us  to  distinguish  acetal  from  acetic 
ether  and  other  ethereal  liquids.  All  the  liquids  containing  alde- 
hyde assame  a  reddish«brown  colour  when  heated  with  potassa ;  akid 
when  diluted  with  wat^  the  resin  of  aldehyde  separates  in  brown 
flocks»t 

1994.  AoettU  was  obtained  by  Dobereiner  by  the  following  pro^  AmuI. 

cess: 

Place  aloobol  of  en.  gr.  0.8831  upon  a  saucer  and  in  the  laucer  a  aopport,  the.Proceii. 
top  of  which*  ii  raised  a  few  lines  aoove  the  alcohol ;  upon  the  support  place  a 
number  of  watch- slasses  having  a  quantity  of  spon^  platinum  in  each.  GoTer 
the  whole  with  a  bell  glass,  open  abovCi  standing  in  the  saucer  so  that  the  va- 
pours which  condense  may  &li  back  into  the  alcohol.  The  apparatus  is  left  in  a 
Slaee  not  too  cool  till  the  alcohol  acquires  a  very  acid  taste.  The  whole  is  then 
istilled  over  carbonate  of  lime.  To  the  product  of  this  distillation  add  chloride 
of  calcium  in  powder,  which  causes  the  separation  of  %n  ethereal  liquor,  to  which 
Liebig  has  given  the  name  of  acetal. 

1995.  Acetal  is  colourless^  and  of  sp.  gr.  0.823 ;  it  boils  at  203^  ;  Properties, 
burns  with  a  bright  flame,  and  by  the  action  of  spongy  platinum  is 
converted   into  acetic   acid.      It  may  be  considered  as  CfHi-f- 
HjOlft 

*  If  we  consider  the  vapour  as  composed  of  4  vol»  carbon  vapoori  4  vols,  hydrogen 
gas,  aod  1  vol.  oxygen  gus,  condensed  into  2  vols,  we  have 

4  vols,  carbon  vapour  =1.6666 
4  "  hydrogen  gas  =0.2777 
1  vol.  oxygen       "       =1.1111 

2)2.9665 

1.4777  =  sp.  gr. 
of  aldehyde  vapour.    The  vapour  then  is  composed  of  4  voU.  cafbooi  4  vols,  hydro- 
gen and  1  vol.  oxygen  condensed  into  2  vols. 

It  is  easy  to  see  how,  by  means  of  oxygen,  aldehyde  is  converted  wit^i  such  ftcility 
into  acetic  acid, 

Acetic  acid  -  •  C4H;|03 

Aldehyde  -  -  C4H4O2 

-  If,  therefore,  the  oxygen  combine  with  one  of  the  atoms  of  liydrogen,  and  convert  it 
into  water,  while  another  atom  of  oxygen  replaces  the  hydrogen,  it  is  obvious  that  al- 
dehyde wUl  become  acetic  acid.  Liebig  is  of  opinion  that  there  exists  an  unknown 
basis  composed  of  d  Hs.  to  which  he  has  given  the  name  of  aUte-hyden.  The 
oxide  of  this  basis  is  G4  Hs  O,  and  when  this  oxide  is  combined  with  an  atom  of  wa- 
ter, it  constitutes  aldehyde,  the  true  formula  for  which  is  C4  H3  O+HO.  Acetic  acid 
is  C4  Hs  Os  +  HO.  It  is  obvious  also  that  aldehyde  and  alcohol  differ  from  each 
other  merely  by  the  aldehyde  containing  2  atoms  less  hydrogen  than  alcohol. 

Alcohol  is       -       .       C4  He  Os 
Aldehyde  is    -       -       G4  H4  O2.     (Thomson,  304.) 

t  Aldehydic  Add  is  prepared  from  aldehyde  and  oxide  of  silver,  aod  is  composed  of  .y^^. 
C4  H4O3.    It  differs  from  acetic  acid  merely  iu  containing  an  additional  atom  of  by-        '"^ 
dtoi^en. 

Bromide  and  Iodide  ofAldehyden  have  been  discovered,  for  which  see  T.  307. 

t  For  some  other  compounds  see  T.  Org-.  Bodies,  310.  Thomson  has  given  the 
name  of  dtutotarhohi/drogtn  to  olefiant  gas,  and  shown  its  relation  to  aldelyden  as 
follows : 

Aldehyden  C4  Hs 

Chloride  of      "  .  .       C4HS  +  CI 

Bromide  of      "       -  C«  Hs  4*^  Br 
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Chap.  VII. 
Chloral. 


Piopertiaf, 


Insoluble 
chloral. 


EthiL 


Bth«r. 


Solphnrie 

ether. 

Procesf. 


CUanlorm. 


1996.  Chloral*  was  discovered  by  Liebig.  It  is  obtained  by 
passing  a  current  of  dry  chlorine  gas  through  absolute  alcohol.  A 
prodigious  quantity  of  chlorine  is  necessary  and  a  great  deal  of  hy- 
drochloric acid  is  formed.t 

1997.  It  is  liquid,  colourless,  tasteless,  of  a  penetrating  odour,  and 
of  an  oily  appearance.  It  combines  with  water,  sulphur,  bromine  and 
iodine ;  is  aecomposed  when  heated  with  different  earths  and  metals, 
metallic  chlorides  being  formed.! 

1998.  Liebig  has  given  the  name  of  insoluble  chloral  to  the  8ob> 
stance  formed  when  chloral  is  left  to  the  action  of  concentrated  sal* 
phuric  acid  at  common  temperatures.  During  the  conversion  of 
alcohol  into  chloral,  the  alcohol  loses  6  atoms  of  hydrogen  and  gains 
3  atoms  of  chlorine.  For  every  atom  of  alcohol  converted  into  chlo- 
ral 10  vols,  of  hydrochloric  acid  are  formed,  and  3  vols  of  chlorine 
enter  into  chemical  combination  with  it.    T. 

1999.  Ethal,^  GieHnO,  eq.=121.  This  substance  has  been  de- 
scribed by  Thomson  in  this  place  from  its  analogy  to  alcohol  and 
sulphuric  ether.  It  was  obtained  by  Chevreul  from  spermaceti  or 
cetine.     With  sulphuric  acid  it  forms  sulphocetic  acid. 

3000.  Ether.  This  name  has  been  given  to  the  light,  volatile, 
inflammable,  and  fragrant  liquids,  obtained  by  distilling  in  a  glass 
retort  a  mixture  of  alcohol  and  any  strong  acid.  The  different  kinds 
of  ether  have  been  distinguished  by  the  name  of  the  acid  employed 
in  the  process.  That  which  is  best  known  is  sulphuric  ether. 
193     To  prepare  sulphuric  ether,  equal  weights  of  sulphuric  acid  and  alcohol 

Os:„"'  ■     ■  ■ 

^'^  sand- 
in  Fiff.  193.  Tne  acid  and  pig.  igs, 
the  lucohol  should  be  well 
mixed  by  shaking  them  toge- 
ther in  the  retort,  when  Uie 
temperature  rises  considera- 
bly, and  the  receiver  should 
be  tubulated  to  convey  awa;y 
the  atmospheric  afr,  and  any 

I  other  gaseous  products  that 

^  may  be  formed  towards  the 


G4Hi+I 

G4  Us+H 

C4HsCl  + 

G4  Hs  Br  +  UBr 
HI 
HO 


HCI 


Iodide  of  aldehyden 

Olenant  cas 
Chloride  of  deutocaroohydrogen 
Bromide  of  " 

Iodide  of  "       .  .        C  H»  I    H- 

Aldehyde    .  .  .  .  C4  Hs  O  -f 

Aldehydic  acid  .  .  .       C4  Hs  Ot  +  HO 

Acetic  acid  .  C4  Hs  O3  4-  HO 

Chtorqform  is  obtained  bjr  distilUnff  a  mixtare  of  alcohol  and  aqoeoas  solutkm  of 
bleaching  jwwder,  as  a  limpid  flaid  of  sp.  gr.  1.480.  It  is  a  compoaod  of  1  atom  in- 
carboret  of  hydrogen  with  3  atoms  of  chlorine. 

Bromqform  is  analogous  to  the  last  and  is  obtained  when  a  mixtuf^  of  bromide  of 
lime  and  alcohol,  or  acetone,  is  distilled.    It  is  an  oily  looking  liquid,  heavier  Ibaa 
Bulpharic  acid,  and  its  composition  is  the  same  as  that  of  chloroform. 
*  From  ehlorine  and  alcokol, 

t  If  we  employ  an  avoirdupois  ponnd  of  alcohol,  we  shall  reqoira  66.453  cnbie  ^ 
or  almost  38i  cubic  feet  of  chlorine  gas,  or  48  cubic  feet  of  hydrochloric  acid  gas 

t  It  diflfors  from  chloroform  by  containing  two  atoms  mors  of  carbon  and  two  aUnoft 
of  oxygen. 

I  Ftom  first  syllables  ottUUr  and  alcohol. 


eloie  of  the  operatioii.  The  neck  of  the  receiver  shopld  fit  cloeely  to  the  oeek  j^ox.  u 
of  the  retort,  and  the  joint  be  rendered  tight  by  tying  it  ronnd  with  a  piece  of 
Unen  or  cotton  cloth  spread  over  with  paste  madle  of  flour.  The  bent  tube  fixed 
to  the  tabulure  of  the  receiver  should  be  made  to  paes  into  a  leooad  receiver,<or 
to  dip  into  a  bottle  in  the  manner  represented,  which  is  kept  cold  by  placing  it  in' 
a  jar  or  baain  with  water  or  ice  ;  the  tube  must  not  fit  tightly  to  the  neck  of  the 
bottle,  but  allow  any  gas  that  may  come  over  to  be  freely  disengaged.  The  first 
receiver  should  be  tied  round  with  a  piece  of  linen  or  cotton  cloth,  that  it  may  lie 
more  easily  kept  cold  ;  ice  or  snow  should  always  be  used  when  it  oan  be  pro- 
eiued. 

2001.  The  distillation  is  generally  oonlinued  till  a  quaqtiiy  of 
liquid  has  come  over  equal  to  one  half  the  alcohol  employed.  More 
«lher  is  said  to  be  obtained  when  it  b  kept  constantly  boiling  than  at 
a  lower  temperature,  though  this  has  been  disputed ;  the  retort 
•bould  not  be  jfiiled  more  than  half  full,  and  great  attention  mJASt  be 
'paid  to  the  beat  aj^lied  during  the  whole  of  the  operation,  «s  the 
mixture  is  apt  to  boil  over  when  nrged  with  too  strong  a  ^re. 

2002.  The  <etber  that  condenses  in  the  receiver  is  never  obtained 

pore  at  6rst,  being  always  mixed  with  a  little  alcohol  that  distils  P^n^^* 
oyer  unaltered,  and  some  sulphurous  acid.  To  remove  these,  it  is 
mixed  with  potassa,  taking  five  or  six  grains  for  every  ounce  of  alco- 
hol employed,  and  distilled  again  from  a  retort  with  a  very  gentle 
heat  till  five  or  six  sevenths  shall  have  passed  over ;  the  potassa  rB>- 
tains  the  sulphurous  acid,  along  with  some  water  and  alcohol.  To 
separate  the  alcohol  completely,  it  may  be  shaken  with  iibout  three 
fourths  of  its  bulk  of  water,  which  combines  with  all  tbe-alcohpl  and 
a  little  ether.  It  is  then  distilled  by  a  very  gentle  heat,  and  may  be 
rendered  still  stronger  by  distillation  from  chloride  of  lime.  It  should 
be  kept  in  bottles  with  well-grouad  glass  stopples. 

On  a  small  scale,  an  ounce  or  two  of  alcohol  with  as  much 
sulphuric  acid  by  weight,  will  be  sufficient  to  show  the  process,  con- 
densing the  product  in  a  common  flask.* 

2003.  Ether  is  a  colourless  liquid,  of  a  hot  pungent  taste  and  fra-  Properties, 
grant  odour.     It  is  highly  exhilarating,  and  produces  a  degree  of 
intoxication  when  its  vapour  is  inhaled  by  the  nostrils.     Its  sp.  gr. 

varies  with  its  purity.    Lowitz  is  said  to  have  procured  it  as  light 
as  »632;    Brande  states  that  he   never    obtained    it  lower  tfa«n 

*Tbe  London  Pharmaeop.  directs  the  distillation  of  ether  with  potassa,  for  its  pu-  ..,,., 
fifloation  from  salphurous  acid ;  and  Phillips  has  given  the  following  directions  for  ^^  *^^^ 
piocoriDg  ether  for  pharmaceutical  purposes,  which  answer  extremely  well. 

"  Mix  with  16  ounces  of  sulphuric  actd,  an  equal  weight  of  rectified  spirit,  and  distil 
abont  10  fluid  ounces,  add  S  ounces  of  spirit  to  the  residuum  in  the  retort,  and  distil 
about  9  floid  onnces ;  or  coatinne  the  e)»eration  until  the  oootents  of  the  retort  beein 
torise  or  the  product  becomes  considerably  soljphurous  3  mix  the  two  products,  and  if 
the  mixture  consists  of  a  light  and  heavy  fluid,  separate  them ;  add. potassa  to  the 
lighter,  as  Ions  as  it  appears  to  he  dissolved ;  separate  the  ether  from  the  solution  of 
potassa,  and  distil  about  nine  tenths  of  it,  to  be  preserved  as  ether  nUpkwictUt  the 
specific  gravity  of  which  ought  to  be  at  moat  .750-" 

In  the  preparation  of  ether  on  a  large  scale  considerable  risk  is  incurred  by  fire, 
recourse  has  therefore  been  bad  to  steam  as  the  source  of  the  requited  heat.  In  the 
apparatna  eropbyed  at  Apothecaries'  Hall  (Lend.)  the  still  is  of  cast  iron,  lined  with 
lead ;  the  steam  is  conducted  through  the  mixture  of  acid  and  alcohol  by  a  contorted 
leaden  pipe  at  the  bottom  of  the  stin,  and  is  supplied  by  a  boiler  calculated  to  resist 
the  prsaSBfe  of  100  lbs.  on  the  square  inch ;  in  this  way  the  mixture  ia  very  rapidly 
raised  to  its  boiling  point,  and  a  larger  relative  quantity  of  ether  ia  obtained.  The 
boiler  ia  placed  in  a  aistaat  aparMneot,  The  condensing  apparatus  and  refpgeratory 
are  of  the  usual  construction,  but  abundantly  supplied  with  cold  water.  Qr^ade's 
Pfuarmaey,  466. 
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^^^»9'^^  .700 ;  as  ordinarily  prepared,  its  sp.  gr.  varies  between  .730  and 
.760,  and  as  met  with  in  commerce,  it  must  be  considered  as  a  mix- 
ture of  pure  ether  and  alcohol* 

Yoliuil*.  2004.  It  is  extremely  volatile,  and  when  poured  from  one  vessel 
into  another,  a  considerable  portion  evaporates ;  during  its  evapora- 
tion from  surfaces,  it  produces  intense  cold,  tS&  may  be  felt  by  pour- 
ing it  upon  the  hand  ;  and  seen,  by  droppinff  it  upon  the  bulb  of  a 
thermometer,  which  sinks  to  many  oegrees  below  the  freezing  point 
The  sp.  gr.  of  the  vapour  of  ether  compared  with  atmospheric  air, 
18,  according  to  Oay-Lussac,  as  2.586  to  l.OOO.t  Two  ounce  mea- 
sures of  ether  converted  into  gas  at  the  temperature  of  72.50  fill  the 
space  of  a  cubic  foot. 

g,p  The  change  may  be  exhibited  by  placing  a  lar^  bell  gleia  filled  wtth  lioC 

water  on  the  ahelf  of  the  pneamatie  trouch  and  paannc  the  ether  from  a  phial  ap 
into  it    The  vapoar  will  fill  the  jar,  and  may  be  fired  with  raitable  precaatioiie. 

Boiling  2005.  At  mean  pressure,  sulphuric  ether,  when  of  a  sp.  gr.  of 

'^^  .730,  boils  at  96°,  and  under  the  exhausted  receiver  of  an  air-pump, 

at  all  temperatures  above  —20°  ;  hence,  were  it  not  for  atmospheric 
pressure,  ether  would  only  be  known  in  the  state  of  vapour. 

In  consequence  of  the  cold  produced  during  the  vaporization  of 
sulphuric  ether,  the  phenomena  of  boiling  and  freezing  may  be  exhi- 
bited in  the  same  vessel. 

Exp.  ^^  ^^^  porpoae  procure  a  very  thin  flaak  which  fita  Flf .  IM. 

looeely  into  a  wine-glaaa,  aa  ahown  in  Fig.  194.  Pour  a  amall  ^^ 

quanuty  of  ether  into  the  flask,  and  of  water  into  the  glaai, 
and  place  the  whole  under  the  receiver  of  an  air-pump ;  du- 
ring exhaustion,  the  ether  will  boil,  and  a  crust  of  ice  will 
gradually  form  upon  the  exterior  of  the  flaak.t 

2006.  Ether  is  highly  inflammable,  and  in  con- 
sequence of  its  volatility  it  is  often  kindled  by  the 
mere  approach  of  a  burning  body;  a  circumstance 
which  renders  it  highly  dangerous  to  decant,  or 
open  vessels  of  ether  near  a  candle.^ 

£xp.  "^be  inflammability  of  ethereal  vapour  may  be  shown  by^  passing  a  small  qnan- 

city  into  a  receiver,  mrnished  with  a  brass  stop-cock  and  pipe,  ana  inverted  over 
water  at  a  temperature  of  100^.  The  receiver  becomes  filled  vrith  the  vapour, 
which  may  be  propelled  and  inflamed;  it  burns  with  a  bright  bluish-white 
flame. 

Explodes        2007.  When  ether  is  admitted  to  any  gaseous  body  it  increases 
]|7^  o^-    its  bulk.     Oxygen  thus  expanded,  produces  a  hif hly  inflammable 
mixture ;  if  the  quantity  of  oxygen  oe  large  and  oF  ether  small,  the 
mixture  is  highly  explosive,  and  produces  water  and  carbonic  acid. 

a^  Into  a  strons  two  ounce  phial,  filled  with  oxygen  cas,  and  wrapped  round  vrith 

a  doth,  let  ftll  a  drop  of  ether.  On  applying  Uie  flame  of  a  candle,  a  violent 
detonation  will  ensue. 

^^J!}^        2008.  The  vapour  of  ether  also  explodes  with  chlorine,  as  is 
shown  by  the  following  experiment. 

*  For  table  of  sp.  gr.  see  Henry's  Chem.  ii.  333.  t  2.58S2S,  T.  and  L. 

t  After  using  ether,  air  should  be  dmwn  through  the  pomp  many  times  to  get  rid  of 
the  ether,  as  it  injures  the  valves. 

I  In  spirit  wareboases  or  draggisU*  iabomtoriee  where  ether  is  distilled  the  sq/%fy 
lamp  (Fig.  174)  may  be  advantageoosiy  used. 
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Fill  a  bottle  of  the  capacity  of  thrae  or  ibor  pinta,  with  chlorine  nM^  taking  care     Smi.  I. 
to  expel  the  water  as  completely  aa  possible.    Then  throw  into  it  about  a  drachm  _ 
or  a  aracbm  and  a  half  of  good  ethor,  covering  its  mouth  immediately  with  a  piece      P' 
of  light  wood  or  paper.    In  a  few  seconds  white  vapour  will  be  seen  moving 
circularly^  in  the  bottle,  and  this  will  soon  be  followed  by  an  explosion,  accom- 
panied with  flame.    At  the  same  time  a  considerable  quantity  or  carbon  will  be 
deposited. 

When  a  small  quantity  of  ether  ia  poored  into  a  large  jar  of  warm  chlorine,  it 
occaaionally  happens  that  a  conaiderable  explosion  ensues. 

2009.  Ether  freezes  at  —46^.  When  exposed  to  light  in  a  vessel 
partially  filled,  and  which  is  frequently  opened,  it  gradually  absorbs 
oiygen,  and  a  portion  of  acetic  acid  is  generated. 

2010.  Ether  dissolves  the  resins,  several  of  the  fixed  oils,  and  oissolvaa 
nearly  all  the  volatile  oils ;  it  also  dissolves  a  portion  of  sulphur,  and  resins,  4m. 
of  phosphorus;    the  latter  solution  is  beautifully  luminous  when 
poured  upon  warm  water  in  a  dark  room.     The  fixed  alkalies  are 

not  soluble  in  ether,  but  it  combines  with  ammonia. 

It  dissolves  the  oxides  of  gold  and  platinum,  and  these  solutions  f^^^ 
have  been  employed  for  coating  steel  with  those  metals,  with  a  view  gold  and 
to  ornament  and  as  a  defence  from  rust.*  platinum. 

2011.  When  a  coil  of  platinum  wire  is  heated  to  redness,  and 
then  suspended  above  the  surface  of  ether  contained  in  an  open  ves- 
sel (Fig.  53),  the  wire  instantly  begins  to  glow,  and  continues  in 
that  state  until  all  the  ether  is  consumed.  During  this  slow  com- 
bustion, pungent  acrid  fumes  are  emitted,  which,  if  received  in  a 
separate  vessel,  condense  into  a  colourless  liquid  possessed  of  acid 
properties,  owing  to  the  formation  of  acetic  acid. 

2012.  It  has  been  already  stated  (1667)  that  sulphuric  ether  con- Base  of 
sists  of  C4H5O,  and  that  it  possesses  the  characters  of  a  base,  being  *^^*^' 
capable  of  neutralizing  acids,  oxygen,  chlorine,  bromine,  iodine,  and 
fluorine.     These  new  compounds  are  at  present  very  inaccurately 
termed  ethers.    The  base  of  ether  is  C^Hg  to  which  Liebig  has  given 

the  name  of  eihylA    Common  ether  is  an  oxide  of  ethyl,    t. 

2013.  In  preparing  ether  the  ebullition  is  continued  till  white  va-  Sweet  oil 
pours  appear,  and  the  smell  of  sulphurous  acid  is  perceived,  and  by  ®^^"^- 
continuing  the  heal  a  yellowish  liquid  comes  over  which  has  been 
called  the  tweet  oil  ofwine*t  ' 

2014.  Chloride  of  Ethyl-^-Hydrochloric  Ether.    G4H8CI.    This  chloride  of 
compound  is  generated  by  the  action  of  hydrochloric  acid  on  alcohol,  sthyl. 
and  may  be  prepared  by  several  processes :— by  distilling  alcohol 
previously  saturated  with  hydrochloric  acid  gas,  or  mixed  with  an 

*  If  to  a  satarated  solution  of  gold  or  platiaam,  in  nitro-h]p;droGhloric  add,  there  be  ^^  ^  tAmui 
added  about  three  pMUis  by  messure  of  good  sulphuric  ether,  it  soon  takes  up  the  me-  mih  ,^u  ^t  ^wki 
tals,  tearing  the  acid  nearly  colourless  below  the  ethereal  solution,  which  is  to  be  *** 
carefully  decanted  oflf;  into  this  the  polished  steel  is  for  an  instant  plunged,  and  im- 
medistely  nAerwards  washed  in  water,  or  in  a  weak  alkaline  soluuoo.    Though  the 
coaling  of  platinum  is  the  least  beautiful.  Stodardt,  who  has  made  many  expe- 
riments upon  this  subject,  considers  it  as  tne  best  protection  from  rust.    Polished 
brass  may  be  coated  by  the  same  process.    These  surfaces  of  gold  and  platinum, 
though  Tery  thin,  are  often  a  useful  protection ;  with  gold  the  experiment  is  particu- 
larly beautiful,  and  well  illustrates  the  astonishing  dirisibility  of  the  metal.  ^  The 
ethereal  solution  of  gold  is  not  permanent,  but,  alter  a  time,  deposita  the  metal  in  the 
form  of  a  film,  in  which  crystals  of  gold  are  often  perceptible. 

t  From  recent  experimenu  LOwig  concludes  that  by  the  action  of  potassium  on 
chloride  of  ethyl,  chloride  and  ethynde  of  potassium  are  formed,  and  that  by  the  ac- 
tion of  water  upon  the  latter,  the  ethyle  ia  set  tree.  LomL  and  Edin,  Phu,  Mag^^ 
July,  1SS9.  t  Saa  T.  horg,  Ohem.  ti.  S07,  and  B.  iu  MS. 
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Chap.  vir.  equal  toht me  of  fsirotig  hydrochlorfe  tfctd ;  by  heating  a  tiiixtore  of 
6  parts  of  alcohol,  5  of  strong  sulphuric  acid,  and  12  of  fused  aea- 
salt  10  fine  powder ;  or  by  distilling  alcohol  with  the  chlorides  of 
tin,  bismuth,  antimony,  or  arsenic.  The  products  are  transmitted 
through  tepid  water,  by  which  free  alcohol  and  acid  are  absorbed, 
and  the  pure  hydrochloric  ether  is  then  received  in  a  vessel  sur- 
rounded by  ice  or  a  freezing  mixture* 

2015.  Hydrochloric  ether  is  a  colourless  liquid,  of  a  peoettatiogy 
^'^'^^'  somewhat  alliaceous,  ethereal  odour,  and  a  strong  rather  sweet  taste. 

It  is  so  volatile  that  it  boils  at  about  54^.  When  inflamed,  as  it  issues 
from  a  small  aperture,  it  burns  with  an  emerald-green  flame  without 
smoke,  yielding  abundant  vapours  of  hydrochloric  acid. 

2016.  Sulphuret  of  Eihyl  or  Mercaptan.  C4H5S+HS.  This 
new  substance  was  discovered  by  Zeise  and  named  mercaptanf  oa 
account  of  its  energetic  action  on  the  red  ozide  of  mercury.^ 

Altfaionate  of  btryta,  lime,  or  potassa,  was  heated  with  a  itrong  adatioii  of 
prototalphuret  of  barium.  There  distilled  over  along  with  the  water  an  ethexeal 
liquid,  while  the  althionate  was  changed  into  sulphate. 

2017.  The  ethereal  liquid  was  lighter  than  water,  colourless,  of  a 
penetrating  odour,  resembling  that  of  garlic.  Its  taste  was  sweet ; 
it  inflamed  readily,  giving  out  the  odour  of  sulphurous  acid.  .  When 
distilled  it  was  divided  into  two  distinct  liquids.  To  the  first 
the  name  of  thialic  ether  was  given,  and  to  the  second  tnercaptan. 

Me    man       ^^^*  Mercaptan  acts  with  force  upon  potassium,  hydrogen  gas 
'^'  being  evolved  and  the  metal  converted  into  a  colourless  salt,  very 
soluble  in  water  and  in  alcohoK    These  solutions  give  a  yellow  pre- 
cipitate, with  acetate  and  nitrate  of  mercury.t 

There  are  six  bodies  to  which  the  term  ether  has  been  applied,  bat 
which  are  not  considered  such  by  Thomson,  by  whom  they  have  been 
constituted  a  distinct  class,  having  for  their  base  not  Cfi^  but  C4H4 
(the  tetarto'carbo'kydrogen  of  Thomson),  they  are 

1  Light  oil  of  wine  C4  H4 

2  Chloric  ether        .       •  .    C4H4+Gbt 

3  Bromic 

4  Iodic 

5  Acetal 
S  Sulphocyanic 

The  third  set  of  bodies  classed  among  the  ethers,  consists  of  che- 
mical compounds  of  sulphuric  ether  and  an  acid.  Of  these  Thomson 
enumerates  twenty,  for  which  see  Org,  Bodies,  329. 

♦ilnn.  de  CfUm,  et  de  Phft.  Wi.  87; 

t  Cyanodide  €ifEthyl--'Uydroeyamic  Ether^  C4Bs(C9N),  was  discovered  by  Pelooxe, 
and  is  obtained  by  heating  a  mixture  of  equal  parts  of  cyanodide  of  pirtatainm  and 
althionate  of  baryta. 

SvJphokydric  Ether.  C4H5(HS)  7  was  formed  by  Lowig  by  the  action  of  onlie 
ether  and  sulphuret  or  potassmm.  It  has  no  action  on  red  oxide  of  mercury,  and  hj 
this  character  is  distinguished  from  mercaptan.    See  T.  Org.  Bodiet,  328. 

t  CkUnie  Bther  is  the  name  which  has  been  applied  to  a  Uqnid  obtained  by  diatilliiir 
a  gallon  from  a  mixture  of  three  poonds  of  chloride  of  lime  and  two  gallons  of  akoM, 

31.  gr.  0.844,  and  rectifying  the  product.  This  was  discovered  by  Guthrie  in  tha 
nited  States  and  Souberam  in  Fiance.  See  Outhrie's  account  in  Am€r»  Jour.  zri. 
As  this  liquid  does  not  contain  chloric  acid,  Bache  has  ptoposed  for  it  the  mom  of 
chlorine  eiher. 

It  is  extremely  volatile,  of  a  sweetish  taste,  boiling  al  !$€<*,  and  haviag  the  ap.  gc 
of  1 .486.    When  diluted  with  watav  it  ia  employed  as  a  4UfiiisihW  atimnlant. 


Other 

ethen. 


C4  H4.+  Bi» 

04  H4  +  Is 

C4  H4  +  H40 


•iW. 


OtaOk'BHitfi 


46St 


Fig.  195. 


9Ma  Nitfie  eAer.  Nitraus  eih&r ;  C4H;0+N0t*  Vatioas 
processea  are  given  for  obtaining  this  liquid  ;^  it  is  produced  by  the 
action  of  equal  \veight8  of  nitric  acid  «nd  alcohol,  the  acid  being 
added  in  small  sucoessiTe  qnantitieft  to  the  alcohol,  and  the  mixtiiTe 
cooled  after  each  addition,  to  prevent  the  violent  action  that  would 
otherwise  ensue.  It  collects  on  the  surface  of  the  mixture  and  is 
cautiously  withdrawn. 

1.  Fig.  (195)  repr«0ent»  an  amageraent  propoBed  by 
Torrey — a  a  Woolfe's  bottle,  k  a  leoeiTer,  e  e  glawfaa* 
Dels  ground  to  tbe  necks,  and  glasa  rods  groand  to  tbe 
fannels,  the  acid  being  in  one  funnel,  and  the  alcohol 
in  the  other ;  by  means  of  tbe  glass  rods  the  admis- 
BiMi  of  either  is  regulated  at  pleasnre. 

2.  Introduce  into  a  soffioientljr  capaoioiu  retort  e^ual 
weights  of  alcohol,  (spedfic  grftvity  820)  and  of  nitric 
acid  of  commercn  (specific  gravity  1 .30)  and  connect 
it  with  five  Woulfe's  bottles,  the  first  of  which  is 
empty  and  the  remaining  foor  half  filled  with  a  satu- 
rated solution  of  salt  in  water.  Apply  a  gentle  heat  to  the  retort,  till  tbe  liquor 
begins  to  effervesce ;  then  withdraw  the  fire,  and  the  saseous  matter  passing 
throuffii  tbe  bottles,  Which  should  be  kept  cold  by  ice,  deposits  tbe  ettier  upon 
the  saline  solution,  firom  which  it  is  to  be  decanted,  shaken  with  chalk,  and  re- 
distilled at  a  very  gentle  heat.t 

S020.  In  all  experiments  with  nitric  acid  and  alcohol,  great  care 
must  be  taken  not  to  mix  a  large  quantity  of  acid  with  the  alcohol 
at  once,  as  tbe  gaseous  products  that  are  immediately  produced  are 
apt  to  throw  out  the  whole  of  the  mixture  with  explosive  violence.} 
Nitrogen,  protoxide  and  binoxide  of  nitrogen,  and  carbonic  acid 
gases  are  disengaged. 

3021.  The  nitrous  agrees  with  sulphuric  ether  in  its  leading  pro- 
perties ;  but  it  is  still  more  volatile.  When  recently  distilled  from 
quicklime  by  a  gentle  heat,  it  is  quite  neutral ;  but  it  soon  becomes 
acid  by  keeping.  It  is  decomposed  by  potassa,  and,  on  evaporation, 
crystals  of  the  nitrite  or  hyponitrite  of  that  alkali  are  deposited 
(Mem.  d'Areueil,  i.)  It  is  soluble  in  48  parts  of  water,  and  in  all 
proportions  in  alcohol ;  this  last  solution  is  the  spirituscBiherisnitrieif 
or  sweet  spirit  of  nitre  of  the  Pharmacopceia.^ 

2022.  Oxalic  ether.  CiHsO-f-GjOs.  Is  obtained  from  1  part  of 
alcohol,  1  binoxalate  of  potassa,  and  2  pafts  of  sulphuric  acid.  It 
is  purified  by  boiling  with  pounded  litharge.  It  is  an  oleaginous 
liquid,  boiling  at  26^^.  When  a  current  of  dry  aromoniacal  gas  is 
passed  over  it  a  substance  is  obtained  which  has  been  called  by  Du- 
masU  oxametkane.^ 


Sset.  1. 

ThMMoa's> 
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*  Tbomson's  Inorg,  Qiem.  318* 

t  See  description  of  an  apparatus  for  this  process  by  Hare,  in  Am.  Jour.  voL  ii.  p. 
326  and  xxxiii.  241* 

t  Though  a  small  quantitv  of  acid  may  be  added  to  a  large  quantity  of  alcohol 
without  much  action,  a  small  quantity  of  alcohol  cannot  be  added  to  a  large  quantity 
of  acid  without  Tiolent  action. 

S  Two  lb.  of  nitrate  of  potassa  and  a  lb.  and  a  half  of  sulphuric  acid  are  mixed  iu  a 
glass  retort,  9  aud  a  half  lbs.  of  alcohol  are  gradually  poured  in  j  it  is  digested  with  a 
gentle  heat  for  two  hours,  the  heat  is  then  raised  and  a  gallon  distilled  off',  to  this  1 
piat  of  diluted  alcohol  abd  an  ounce  of  carbonate  of  potassa  are  added  and  a  gallon 
dUtilledoff.    U.S.P' 

il  iliifi.  de,  Odm.  et  tU  PAys.  liv.  941,  and  Ann*  de  Phamu  iz.  129. 

Y  Btheroxalate  qf  Potamc^    It  was  shown  by  Leihig'  that  oialic  ether  has  the  pro- 


for. 
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Chap,  wi.      2023.  (Enanthic  ether.    CiH^O+CtJEIisO,.    It  is  to  this  lemaika- 
JEaaoUkie    ble  ether  that  the  peculiar  odour  of  wines  is  owing.*     When  large 
•iher.         quantities  of  wine  are  distilled  we  obtain,  at  the  end  of  ibe  process 
a  small  quantity  of  an  oily  liquid.     The  same  liquid  is  obtained 
when  the  lees  of  wine  are  distilled ; 
Properties.      2024.  It  has  a  strong  taste,  is  usually  colourless,  and  is  a  mix- 
ture of  (Bnanthic  ether  with  an  excess  of  oenanthic  acid.  The  ether  is 
separated  by  distillation.     It  is  very  liquid,  has  a  strong  odour  of 
wine  and  produces  intoxication  when  inspired.! 


Thomioo'e 

4Uitet.  2025.    The  fourth  set    of  bodies,  which  have  by  some  been 

classed  among  ethen,  are  certain  acidulous  salts,  consisting  of  1 
atom  of  ether  united  to  2  atoms  of  an  acid.     They  are 

1  Heavy  oil  of  wine        -        -  -  C^HsCHlOD+SO, 

2  Althionic  acid      ...  -  C4H50+2(S03)+HO 

3  Phoephovinic  acid        -       -  -  C4H5(H2(P02i) 

4  Oxalovinic  acid    ...  -  C4H50+2(C203)+H0 

5  Tartrovinic  acid  .        -        -  .  C4H50-+^2?C4H205)4-HO 

6  Racemovioic  acid         -        -  -  C4H50-Hli(C4H205)+HO 

7  Campbovinic  acid        -        -  -  C4H50+2(CioH7405)+HO 

Pyroiylto        2026.  Pyroxylic  spirit.    CaH,0+HO=32.    This  name  has  been 
spiriu         given  to  the  volatile  liquid  which  is  formed  when  wood  is  subjected 
to  heat,  and  which  is  found  in  the  aqueous  liquid  which  comes  over. 
This  is  decanted  off  to  separate  it  from  the  tar,  and  when  ^ain  dis- 
tilled the  pyroxylic  spirit  is  in  the  first  tenth  part  of  the  product.    It 
is  rectified  over  quicklime. 
Properties.      2027.    Pyroxylic  spirit  is  colourless,  and  has  a  peculiar  odour, 
alcoholic  and  aromatic  mixed  with  that  of  acetic  ether.     It  boils  at 
150",  its  sp.  gr.  is  .798  not  differing  much  from  alcohol.^ 
Action  of       202S.    When  its  vapour  is  mixed  with  air  in  contact  with  plati- 
plaiinam     ,^m^  sponge,  heat  is  evolved  and  formic  acid  produced.     If  allowed 
to  fall  drop  by  drop  on  the  spongy  platinum,  it  burns  and  carbonic 
acid  is  produced.     Its  vapour  explodes  with  dry  chlorine.     Distilled 
with  chloride  of  calcium  it  gives  rise  to  chloroform. 
•Action  of       2029.  When  a  mixture  of  I  part  of  pyroxylic  spirit  and  4  parts 
salphttrie    of  concentrated  sulphuric  acid  is  distilled,  a  gas  comes  over,  which 
*^  '  possesses  the  constitution  of  alcohol  vapour.     The  very  same  thiog 

takes  place  in  this  distillation  as  when  we  heat  a  mixture  of  alcohol 
and  sulphuric  acid.     One  half  the  water  is  abstracted  relative  to  the 

stiwnrMiiM  iTf  P^'^y  "^  combining  with  bases  like  an  acid,  and  this  salt  is  obtained  when  oxaUc 
ether  is  dissolved  in  absolute  alcohol  and  as  much  hydrate  of  polassa  is  added  as 
is  jnst  sufficient  to  neutralize  half  the  oxalic  acid.  LehHrndi  der  chim.  2  Anfl. 
i.  644. 

*  Ann.  de  Chim.  et  de  Phyt.  bdii.  1 13. 

t  For  the  other  ethers  of  this  division  see  T.  Org:  Bodiet,  333. 

t  Pyroxylic  spirit  is  extensively  used  by  hat  makers,  for  the  purpose  of  dissolving' 
shell  lac  and  mastic  to  stiffen  hats  and  render  them  water  proof.  According  to  Scan* 
Ian  a  fluid  of  higher  sp.  fj.  and  lower  boiling  point  is  obtained  by  distillation  by  Sa- 
turating the  panfied  add  with  slacked  lime,  and  subsequent  distilutton  as  lonjgas  the 
product  is  of  less  sp.  gr.  than  water.  This  product  is  rectified  in  a  still,  consisting  at 
a  boiler  and  rectifier  of  copper  of  peculiar  construction  placed  in  a  bath  of  water,  and 
kept  at  such  a  temperuture  as  will  condense  water,  but  retain  the  more  volatile  pro- 
dttcu  in  the  sute  of  vapour  ttU  they  pass  the  last  part  of  the  apparatoa  where  they  axer 
ooolsd.    See /2g>.  A^  AssoQ.  isas,  40; 
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other  ingredient,  the  carbo*hydrogen.*  When  alcohol  is  used  olefiant     8aa.L 
gtai  is  converted  into  ether ;  but  when  pyrozylic  spirit  is  used,  the 
compound  is  C2H9O9  or  it  contains  an  atom  of  oleBant  gas  less  than 
ether.l 

2030.  When  pyroxylic  spirit  is  made  to  act  on  the  hjdracids,  a  AcUod  on 
set  of  compounds  is  formed  very  analogous  to  the  ethers  which  the  l^ydneidt. 
same  acids  form  with  alcohol.     Dumas  and  Peligot  consider  them 
as  compounds  of  the  hydracid  and  a  base  which  they  term  methyl 


CHAPTER  Vin. 
Section  I.     Colouring  Matters. 


2031.  A  great  number  of  vegetable  principles  are  comprised 
under  the  term  colouring  matter,  and  are  extensively  employed  in 
the  processes  of  dyeing  and  calico-printing. IT 

2032.  Some  of  these  are  used  as  chemical  re-agents  and  for  test- 
ing the  presence  of  acids  and  alkalies.  The  infusion  of  red  cabbage 
has  been  already  described  (56  n.) ;  the  colouring  matter  of  violets 
may  be  used  for  the  same  purpose. 

2033.  LUmus  is  the  blue  colouring  matter  prepared  from  the  lichen 
roceUa  which  grows  in  the  Canary  islands,  and  the  leconora  tartarea  ^itmas. 
which  is  collected  in  Norway.    From  the  latter  is  also  prepared 
cudbeoTt^^  the  colour  being  developed  by  the  aid  of  ammonia.    The 
colouring  matter  of  the  leconora  has  been  termed  erythrin,  and  that 

of  archil  orcin, 

2034.  Litmus  is  more  easily  affected  by  acids  than  the  colouring  ^g.^^  ^^ 
matter  of  cabbage,  but  is  not  turned  to  a  green  by  alkalies.     If  pre-  acids  and 
viously  reddened  by  acids,  it  may  be  used  for  detecting  alkalies,  the  alkalies, 
original  blue  tint  being  restored.tt 

*  CarbO'hydrogen  ia  the  name  applied  by  Thomson  to  the  gas  evoWed  when  mrroxy- 
lic  spirit  is  treat^  with  aqua  regia,  it  is  composed  of  1  vol.  of  carbon  vapour  and  1  toI. 
of  hydrogen  gas. 

i  Deutocarhohydrogen  ofT. 

X  This  is  the  same  thing  in  both  cases  as  abstracting  one  half  of  the  water  which 
the  amrit  conuined.    But  in  reality 

Alcohol  is  C4  Hs  O  +  H  O 

While  this  gas  is    .  Cs  Hs      +  H  O  T.  860. 

f  For  details  see  T.  Org,  Bodie»y  360. 

II  Acetone.  CsHsO.   This  name  is  given  to  what  was  termed  pyro-aeeUe  tpirity  and  ^^^g^ 
which  is  obtained  by  heating  several  aoetates.    It  is  a  transparent,  volatile  and  in- 
Aamnmble  liquid,  entering  into  combination  with  water,  alcohol,  ether  and  some  vola* 
tile  oils. 

MeaUe  is  a  product  of  the  distillation  of  wood  named  from  fieatrijg  a  nudiaior. 

V  For  a  more  particular  description  of  the  varions  colonrin^^  matters,  and  of  the  pro- 
cesses followed  for  their  extraction  and  fixation,  constituting  the  art  of  dyeing,  the 
student  must  be  referred  to  Thomson's  Orgmtic  CnemiBtrVt  867.  Ure's  Did,  qfArtM 
and  Mam\f»  Berthollet  on  Dydng,  and  Thomson  on  Qmeo -printing  in  Reeordt  qf 
Qentral  Science,  Vols.  i.  ii.  iii. 

**  First  called  Odhberi  from  Dr.Cuthbert  Gordon  who  first  made  it. 

tt  To  prepare  test  papers,  rub  some  good  litmus  with  hot  water  in  a  mortar,  pour  - . 

the  mixture  mto  an  evaporating  basin,  and  add  pure  water  until  the  proportion  is  about  vSi^!^. 
half  m  pint  fiir  each  oanee  of  litmus.    Cover  it  up  and  keep  warm  for  an  hour,  than 


41^  Citftowrity  JIAUnm. 

Otop.vni.     909S.  Turmeric  is  the  root  of  tke  eurcuwia  lenga,  a  plant  grow- 
Tonneric.  ing  in  the  East  Indies.     It  is  yellow  and  its  colouring  matter  has 
been  called  curcumin;  it  is  imparted  to  boiling  alcohol  and  sepa- 
rated by  ether  from  which  it  is  obtained  by  distillation.  It  is  chaoged 
to  brown  by  alkalies  and  some  neatral  salts. 

2036.  Many  colouring  matters  hare  a  great  attraction  for  tnetallie 
oxides,  combining  with  them  when  they  are  separated  from  solutioaa 
in  which  both  the  colouring  matter  and  the  oxides  hare  been  pre- 
Tiously  dissolved ;  thus  when  potassa  is  added  to  a  solution  contain- 
ing hydrochlorate  of  tin  and  litmus,  the  potassa  unites  with  the  hy- 
drociilorie  acid*  litmus  and  oxide  of  tin  falling  down  in  combination. 

Ltkes.        The  precipitates  thu3  obtained  are  called  lakes, 

2037.  On  this  property  are  foanded   many  of  the  processes  in 
Dyviog.      dyeing  and  calico-printing.     The  art  of  the  dyer  consists  in  giving 

a  uniform  and  permanent  oolour  to  cloth.  This  is  sometimes  eject- 
ed merely  by  immersing  the  cloth  in  the  coloured  *  solution  ;  where- 
as in  other  instances  the  affinity  between  the  colour  and  the  fibre 
of  the  cloth  is  so  slight,  that  it  only  receii^s  a  stain  which  is  re- 
moved by  washing  with  water.  In  this  case  some  third  substance 
is  requisite,  which  has  an  affinity  both  for  the  cloth  and  colouring 
matter,  and  which,  by  combining  at  the  same  time  with  each,  may 
cause  the  dye  to  be  permanent.     A  substance  of  this  kind  was  for- 

Mordants,  merly  catlea  a  mordant;  but  the  term  basis^  introduced  by  Henry  is 
now  more  generally  employed.  The  most  important  bases,  and  indeed 
the  only  ones  in  common  use,  are  alumina,  oxide  of  iron,  and  oxide 
of  tin.  The  two  former  are  exhibited  in  combination  either  with 
the  sulphuric  or  acetic  acid,  and  the  latter  most  commonly  as  the 
chloride. 

SabtUntiTe     2038.  Subataniive  colouring  matters  include  those  which  have  so 

coloan,  strong  an  attraction  for  cloth,  that  they  can  attach  themselves  to  it 
permanently,  and  without  the  action  of  any  other  substance,  as 
indigo. 

A^ective.  Those  which  require  a  mordant  are  termed  adjective  colouring 
matters. 

Bleaching.  2039.  Colouring  matters  are  bleached  by  chlorine,  whieh  is 
usually  employed  in  union  with  lime  (901) ;  sulphurous  and  some 
other  acids  are  also  used  to  remove  colour. 

Raddyes,  2040.  For  red  dyes,  Brazil  wood,  lac,  archil,  madder  and  cochi- 
neal, are  the  principal  colouring  matters  in  common  use.  The  cochi- 
neal, is  procured  from  an  insect,  which  is  believed  to  derive  its 
colouring  matter  from  a  particular  vegetable  principle  upon  which  it 
feeds. 

■  '  Jiiii  ■»»»,^,i      ijiiip     ■■■»  I     ■■  1^— ^— »— »i^ .1.      mna  ii  f  ^^—^B^ 

decant  the  clear  liquor,  and  poor  fresfh  hot  water  upon  tbe  residue.  Cover  op  and  keep 
warm  as  before,  eraporate.  These  operations  are  to  be  repeated  until  all  the  colcmr 
is  removed.  The  firat  solution  is  to  be  kept  apnart  from  the  second  and  third,  which 
mav  be  mixed  and  reduced  by  evaporation  until  a  piece  of  filtering  paper  dipped  in 
ancl  dried  is  of  a  blue  colour.  Paper  is  thea  to  be  dipped  into  the  solotioo ;  it  shaahl 
lie  bibulous  and  not  sized.  The  solution  should  be  poured  into  a  dish  and  the  pBpvr 
be  drawn  through  it  pieee  by  piece,  be  drainedi  and  dried  where  no  acid  fumes  or  })tome 
of  burning  charcoal  can  have  access  to  it.  As  soon  as  dry  the  paper  sliOQid  be  plne^d 
in  a  well  closed  tin  box.  The  linl  ou^ht  to  be  a  pore  bine,  and  can  be  iodgad  of  by 
applying  a  drop  of  very  weak  acid  which  should  produce  a  vivid  red.  Turmeric  jpa* 
per  is  prepared  in  a  similar  manner.    See  FVuradaj's  Chem.  Manip,  S7S. 
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9041.   Fflbfo  dye»  are  procured  principaUy  from  taffh>n,  biccorjr,    <fa6t.f. 
quercitron  berk,  turmeric,  fustic  ertd  ennatto.  rtUov, 

2042.  Black  dyes  are  made  with  the  same  materials  as  writing  Black, 
ink,  logwood  and  madder  are'  also  employed  with  oxide  of  iron. 

2043.  Biue  dues  are  commonly  prepared  with  Prussian  blue  or  Blue, 
indigo.     Three  different  colouring  principles  have  been  detected  in 
indigo,  indigo  Uue,  indigo  red  and  indigo  hrown*    It  is  obtained 
from  an  American  and  Asiatic  plant  the  Indigofera,  and  the  N^ 
Hum  tinctoriuM  ;  an  inferior  sort  is  prepared  from  the  hatis  tinctoria 

or  woodf  a  native  of  Europe. 

2044   Indigo  CteHsNO^  as  it  occurs  in  commerce,  is  far  from  being  Indigo, 
pure,  more  than  half  its  weight  consisting  of  matter  destitute  of  a  blue 
colour  and  incapable  of  being  used  as  a  dye  stufil     Part  of  these 
imparities  may  be  dissolved  by  water,  part  by  alcohol,  and  part  by 
dilute  acids  and  by  alkaline  leys. 

2045.  The  beit  way  of  obtaining  pure  indigo,  b  firom  the  calioo-printen*  Obtained 
vat,  in  whieh  the  indigo  hai  been  deprived  of  its  hlue  ooloar  bv  sulphate  of  inm  pae. 
and  ii  held  in  solution  by  means  of  lime  water.  The  colour  of  tnis  solation  is  yel- 
low.   If  aqoantitv  of  it  be  put  into  an  open  vessel  it  absorbs  oxygen  from  the 
atmosphere  and  the  indigo  precipitates  of  a  blue  colour.    If  the  precipitate  be 
digested  in  hydro-chloric  acia,  washed  and  dried,  it  is  pure  indigo. 

2046.  Indigo  sublimes  in  long  flat  needles  at  about  6S(f,  its  va-  Sublimed 
pour  is  transparent  and  reddish  violet.     It  melts  and  is  decomposed  uMligo* 
at  nearly  the  same  temperature.      The  sp.  gr.  of  sublimed  indigo 

is  1.3^ 

2047.  It  is  insoluble  in  water,  but  soluble  in  sulphuric  acid,  the  Solubility, 
indigo  being  changed  into  what  has  been  termed  cendin.*    It  is  de-  ^^ 
composed  by  nitric  acid,  with  the  formation  of  indigotie  and  carbor 

zotic  acids. 

2048.  When  treated  with  something  capable  of  abstracting  ozy- Action  of 
gen,  it  assumes  a  white  or  yellowish-white  colour,  and  becomes  solu-JjJ^JJS? 
ble  in  the  different  bases.     This  white  substance  has  been  called  by 

Liebiff  indigogen^  it  does  not  alter  by  exposure  to  dry  air,  but  when  indigogeii. 
placed  under  water  assumes  a  deep-blue  colour  and  acquires  a  cop- 
pery tint  when  dried.     It  dissolves  in  alkalies,  but  dbes  not  neu- 
tralize them.     It  is  soluble  in  alcohol,  but  insoluble  in  acids  and 
water. 

Fill  one  leg  of  a  syphon  with  a  solution  of  indigomn  in  lime  water,  and  the  g^p. 
other  leg  with  hydrochloric  acid,  the  indigogen  win  separate  in  white  flocks. 
Substitute  nitric  aoid  lor  hydrochloric,  the  precipitato  will  become  blue  and  gr»» 
dually  disappear. 

Malie  a  solution  of  indigogen  in  lime  water,  pass  oigrgAn  gas  into  it,  it  will  be  j^^ 
absorbed  and  indigo  be  reproduced  and  precipitated. 

2049.  Gerulin  is  precipitated  from  the  solution  in  sulphuric  acidceyQUg^ 
by  any  salt  of  potassa  forming  ceruko'svlphate  ofpotassa^  of  so  deep 

a  blue  colour  that  when  moist  it  appears  black.     Water  in  a  wine 
glass  containing  ^(rir.VDTr^i^  o^  i^s  weight  of  it  is  distinctly  blue.t 

2050.  According  to  Crum  if  the  acRon  of  sulphuric  acid  on  indi-  p,^j. 
go  be  stopped  at  a  certain  point  a  new  substance  is  formed  possess-  ^^''^ 

*  Saxon  bbU' 

t  Acotoding  to  BerseKus  when  iadigd  is  dissolved  in  sulphuiic  acid,  two  new  atidt 
■If  formed  ^ipo-tu^p^indfgotte  nd  mlphoindigUie, 
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oh>p.  IX.  log  rather  singular  properties*    It  is  formed  at  the  instant  indigo 

changes  from  yellovir  to  blue ;  Crum  has  called  this  pheTiicin.* 
Uses  of  in-     2051.  Indigo  is  used  for  dyeing  woollen,  silk,  linen  and  cotton 
^^'         blue.     To  enable  it  to  combine  with  the  cloth,  it  must  be  in  a  state 
of  solution  and  this  state  is  induced  in  two  ways.     1.  The  indigo  is 
deprived  of  its  oxygen,  and  reduced  to  the  state  of  indigogen ;  this 
combines  with  alkalies  and  forms  a  compound  soluble  in  water. 
2.  The  indigo  is  dissolved  in  sulphuric  acid,  as  in  dyeing  Saxon 
blue.t  T. 
Different        2052.  Bv  combining  red,  yellow,  blue  or  black  colouring  matters* 
unuproda-^H  other  tints  maybe  produced,  and  by  varying  the  strength  of 
the  colouring  matter,  or  the  strength  of  the  mordant,  different  shades 
of  the  same  colour  may  be  had.t 
Anotta.  2053.  Anotta  or  Bocou  is  a  name  given  to  the  pulp  of  the  seeds 

of  the  bixa  oreUena  a  South  American  shrub.  It  dissolves  in  small 
quantity  in  water,  better  in  alcohol,  and  the  solution  is  orange  yel- 
low. It  is  often  adulterated  with  powder  of  bricks,  Sec. ;  the  fraud  is 
detected  by  exposing  anotta,  previously  dried  at  212^,  to  a  red  heat 
till  it  is  quite  burnt.  If  the  anotta  be  pure  the  residual  matter  will 
not  exceed  13  per  cent. ;  all  over  that  is  adulteration.^ 
Saffion.  2054.  Saffron  consists  of  the  dried  stigmas  of  the  crociif  sativus. 

The  colouring  matter  is  termed  polychroite  on  account  of  the  nume- 
rous colours  which  it  is  capable  of  assuming.     It  is  obtained  from 
the  watery  infusion  of  saffron  by  evaporation,  digestion  of  the  resi- 
duum in  alcohol  and  evaporation. 
Ghlor-  2055.  ChloropkyUite,OT  Chromuliie  is  the  term  applied  to  the  green 

ophyUite.    colouring  matter  of  vegetables ;  in  the  autumn  it  is  reddened  by  the 

production  of  acid. 
Chroninle.       2056.  ChromuU  is  the  name  given  to  the  various  coloured  prin- 
ciples obtained  from  the  leaves  and  flowers  of  plants. 


CHAPTER  IX. 

Sbction  I.     Oleaginous  Subgtances. 

Oils,  their  2057.  Oils  are  characterized  by  a  peculiar  unctuous  feel,  by  in- 
dawctcWf  flammability  and  by  insolubility  in  water.  They  have  been  divided 
into  fixed  and  volatile  oils,  the  former  being  comparatively  fixed  in 
the  fire  and  giving  a  permanent  greasy  stain  to  paper,  while  the  lat- 
ter, owing  to  their  volatility  produce  a  stain  which  disappears  by 
gentle  heat. 

*  Ana,  PkUo9. 2d  series,  ▼.  96.    Benelins  caUs  it  the  purple  qf  indigo.    TraiU  <fe 
Chim,  Ti.  98. 

t  For  details  see  T.  Org.  Bodiet,  881. 

Mutmu.  t  Zardfdn  is  ohtaioed  from  madder  and  is  yellow ;  the  other  ooloaring  principle  of 

this  root  is  alizarin  and  is  red. 
CartiiuBiD.  Corthamin  is  the  red  colouring  matter  of  safflower.    Prom  this  rouge  is  prepared, 

the  carthamin  being  sroand  with  talc. 
HasatiB.  HmmaUniM  the  ooloQiiog  matter  of  logwood ;  BretiUnaf  BraiKUwood;  SanitUbit 

of  Red&anderM, 

I  Jour,  do  Pkarm.  uii.  101 . 
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9086.  There  seems  little  reason  to  doubt  that  the  fixed  oils  con-    secu  i. 
stitute,  in  reality,  salts,  or  rather  each  oil  is  a  mixture  of  two  or 
more  salts,  if  the  term  salt  can  be  applied  to  the  compounds  of  the 
oily  acids  with  glycerin,  which  acts  the  part  of  a  base.    T.  437. 

2059.  The  fix«d  oils  are  usually  contained  in  the  seeds  of  plants,  Fund, 
as  for  example  in  the  almond,  linseed,  rape -seed,  and  poppy-seed ; 

but  olive  oil  is  extracted  from  the  pulp  which  surrounds  the  stone.  Obtained, 
They  are  procured  by  bruising^  the  seed,  and  subjecting  the  pulpy 
matter  to  pressure  in  hempen  bags,  a  gentle  heat  being  generally 
employed  at  the  same  time  to  render  the  oil  more  limpid. 

2060.  Fixed  oils  are  nearly  inodorous,  have  little  taste,  and  are  Properties, 
lighter  than  water,  their  density  in  general  varying  from  0.9  to  0.96. 

Some,  such  as  cocoa-nut  and  palm-oil,  are  fixed  nt  &f  or  60 ;  but 
most  of  them  are  fiuid  at  common  temperatures,  and  they  all  be- 
come limpid  in  becoming  warm.  They  are  commonly  of  a  yellow 
colour,  but  may  be  rendered  nearly  or  quite  colourless  by  the  action 
of  animal  charcoal.  At  or  near  600^  they  begin  to  boil,  but 
suffer  partial  decomposition  at  the  same  time,  an  inflammable  vapour 
being  disengaged  even  below  500**.  When  heated  to  redness  in 
close  vessels,  a  large  quantity  of  the  combustible  compounds  of  car- 
bon and  hydrogen  is  formed,  together  with  the  other  products  of 
the  destructive  distillation  of  vegetable  substances ;  and  in  the  open 
air  they  bum  with  a  clear  white  light,  and  formation  of  water  and 
carbonic  acid.  They  may  hence  be  employed  for  the  purposes  of 
artificial  illumination,  as  well  in  lamps,  as  for  the  manufacture  of 
gas. 

2061.  By  exposure  to  the  air  they  absorb  oxygen,  become  rancid  Effect  of 
and  sometimes  assume  a  waxy  consistence.     Some  few,  such  as  lin-  ^* 
seed,  and  nut-oil,  and  the  oils  of  the  poppy  and  hemp-seed  become 
covered  with  a  pellicle,  and  when  thinly  spread  upon  a  surface,  in- 
stead of  remaining  greasy,  become  hard  and  resinous  ;  these  are 
termed  drying  oils,  and  their  drying  quality  is  much  improved  by  Dryjo^oili. 
boiling  them  upon  a  small  quantity  of  litharge.*^ 

2062.  The  absorption  of  oxygen  by  fixed,  and  especially  by  dry-  SpoBtane- 
ing  oils,  is  under  some  circumstances  so  abundant  and  rapid,  and  one  com- 
accompanied  with  so  much  heat,  that  light  porous  combustible  mate-  ^^^®°- 
rials,  such  as  lampblack,  hemp,  or  cotton- wool,  may  be  kindled  by 

it.  Substances  of  this  kind)  moistened  with  linseed-oil,  have  been 
known  to  take  fire  during  the  space  of  24  hours,  a  circumstance 
which  has  repeatedly  been  the  cause  of  extensive  fires  in  warehouses 
and  in  cotton  manufactories. 

2063.  Nitric  acid  acts  with  great  energy  on  the  fixed  oils.     In  a  j^ction  of 
small  proportion,  its  chief  effect  is  to  render  them  thicker.    Red  and  nitric  acid, 
smoking  nitric  acid,  when  suddenly  mixed  with  a  fixed  oil,  especially 

with  the  addition  of  a  little  s|alphuric  acid,  occasions  a  violent  com- 
^— — ^— ^-^— ^— ^^-^— ^— ^^  —     ■     ---      -  —  ^■---- 

*  The  dryias  oils,  and  espedaUy  nut-oil,  form  the  basis  ofprinier^a  tnJb,  the  history  priatm*  lak 
of  which  will  be  found  in  Lewis's  Phil.  Commerce  qftke  Arte,  The  oil  is  heated  and 
•et  fire  to,  and  after  baYtng  been  suffered  to  bom  for  half  an  hour  is  extinguished,  and 
boiled  tiU  it  acquires  a  due  consistency;  in  this  state  it  is  called  VarrUth,  and  is 
viscid,  tenacious,  and  easily  misdble  with  fresh  oil,  or  with  oil  of  turpentine,  by 
which  it  is  properly  thinned,  and  afterwards  mixed  with  roain,  soap,  and  lamp-black. 
See  also  Ure's  Did.  Arte  and  Mannf.  lOSt. 
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Chap.  IX.  bastioQ.  Cblonno  gas,  pfwed  through  ftbeo,  thick^os  tbevii  and  nm* 
ders  them  tenacious  like  wax. 

Bfiet  of        2064.  Fixed  oils  are  converted  into  a  peculiar  kind  of  acids*  and 

2J^*^'  glycerin  when  heated  with  the  fixed  alkalies  and  water.  The  acids 
uniting  with  the  alkali  constitute  soap,  the  glycerin  remains  in  solu- 
tion.    The  acids  are  the  marffaric,  stearic  and  oleic. 

StMiuM         2066.  The  researches  of  Cnevreul  on  the  nature  of  oils  and  fats 

•nd  01«ne.  jmye  shown  that  these  bodies  are  compounds  of  at  least  two  other 
compounds,  one  of  which  is  solid  at  common  temperatures,  wliile 
the  other  is  fluid.  To  the  former  he  applied  the  name  of  steortne, 
from  oTftt^  suet^  and  -to  the  latter  elaine  or  oUine^  from  bXcu^  oiL 
Oleine  is  the  fluid  principle  of  oils,  and  gives  fluidity  to  those  oils 
in  which  it  predominates.  It  requires  a  cold  of  20**  for  congelation, 
and  is  prepared  from  oils  by  exposing  them  to  a  cold  of  abont  2S^, 
and  pressing  the  congealed  mass  between  folds  of  bibulous  paper  i 
when  the  oleine  is  absorbed,  and  may  be  separated  bj  pressing  the 
paper  under  water.  Oleine  is  well  adapted  for  lubricating  the 
wheels  of  watches  or  other  delicate  machinery,  since  it  does  not 
thicken  or  become  rancid  by  exposure  to  the  air.t 

Cratoo  oil.  2066.  Crotonoilt  is  obtained  from  the  seeds  of  the  crotan  tigUum, 
a  tree  growing  in  the  East  Indies.  It  is  yellow,  of  an  acrid  taste, 
soluble  in  alcohol  and  ether.  Its  purgative  qualities  are  owing  to  a 
portion  of  crotonic  acid  dissolved  in  the  oil.  A  single  drop  generally 
acts  as  a  purgative. 

OUv«oiL  2067.  Olive  oil  is  expressed  from  the  pericarpium  of  the  fruit  of 
the  olea  europea^  or  common  olive.  Its  sp.  gr.  at  77^  is  .9109,  it 
congeals  at  36^  depositing  little  spheres  of  stearip. 

ActMHi  of       I^M8.    By  the  action  of  hyponitrous  acid  on  olive  oil  a  solid  is 

^TPonitnus  formed  which  has  been  called  elaidin  ;  it  is  saponified  by  potassa  or 
soda,  glycerin  being  evolved  and  a  fatty  acid  which  combines  with 
the  alkali  and  forms  soap.  The  acid  Imis  been  called  the  daidic 
acid. 

Phlm  oil.  2069.  Paim  oil  is  one  of  the  solid  oils  and  is  extracted  from  the 
COC09  hutyrace^B;  it  is  yellow  and  has  the  consistence  of  lard.  It  is 
said  to  be  composed  of  stearine  31,  elaine  69.  It  is  used  in  the 
manufacture  of  yellow  soap. 

Coce«  oU.  2070.  Cocoa  nut  oil  is  white  and  hard,  and  contains  both  elaine 
and  stearin.  It  is  used  as  a  substitute  for  tallow.  The  stearin  is 
used  as  a  substitute  for  wax  in  the  manufacture  of  candles. 

^,^  2071.  Wax  differs  from  the  solid  vegetable  oils  in  its  consistence 

and  in  the  way  in  which  it  combines  with  alkalies ;  but  it  resem- 
bles them  so  much  that  an  accurate  line  of  separation  cannot  be 
drawn. 

2072.  Bee^s  vHtx,  though  an  animal  production,  agrees  so  closely 
with  wax  from  plants,  that  it  would  be  improper  to  separate  them. 
It  is  an  exudation  from  the  rings  in  the  abdomen  of  bees. 

*9MOayAdd», 

t  Tlie  watchnukera  pvriiy  olive  oil.  by  pladng  it  in  a  phial  sloog  vitb  a  plmte  off 
lead ;  after  beiag  oorkea  it  it  exposed  m  a  window  to  the  direct  rayt  of  the  san.  A 
cheeiy  matter  teparates,  the  oil  loeea  iu  colour  and  beoomea  limpid.  The  dear  oil 
is  ponred  off  aad  kepi  for  aae. 


9073.  YeUov  wax  i^  purifiied  by  fusion  in  water  and  castipg  into   hu.il 
thin  ribbons  which  are  exposed  to  light  and  moisture  by  which  it  is  Parified. 
bleached.*   When  pure  it  has  no  taste  or  smell,  unbleached  wax 
fuses  at  142^,  if  bleached,  at  155^ ;  the  sp.  gr.  of  the  former  is 
about  .9600,  of  the  latter  .6^203.   It  is  insoluble  in  water,  but  soluble 
in  boiling  alcohol.  • 

SD74.  Bee's  wax  has  been  stated  to  contain  two  distinct  kinds  of  Gerio  and 
wax,  called  car»»  and  irtyrtcm.*'    Cerin  is  soluble  in  Qxed  and  vola-  ^v^^- 
tile  oils,  insoluble  in  water,  cold  alcohol  and  ether,  and  of  the  con- 
sistence of  wax.    It  unites  with  caustic  alkalies  and  forms  a  soap. 
It  fuses  at  143^''. 

2075.  Myridn  fuses  at  149^,  at  common  temperatures  is  insoluble 

in  akohoL    It  cannot  be  converted  into  soap  by  caustic  potassa. 

According  to  Hess  lOD  parts  of  wax  are  compbsed  of 

Hydrogen, 18.95 

CarboD      ......  79.77 

Oxygen     -..-..  7.33* 

3076.  Myrtle  toax  is  obtained  from  the  myrica  cerifera,  a  shrub  m^^i^ 
that  is  common  in  the  United  States.    The  wax  is  separated  from  wuc 
the  berries  bv  means  of  hot  water.t 

2077.  CkUactint  or  couhtree  wax  exists  in  the  milk  of  the  cow  tree 
Galactoderdran  utile,  a  large  tree  resembling  the  fig,  which  grows 
in  South  America. 

Sbction  II.     VoUuik  OUs. 

2078.  The  volatile  oils  may  be  divided  into  three  sets ;    1.  Those  voUtile 
that  contain  only  carbon  and  hydrogen  ;  they  are  lighter  than  water,  oils. 
and  seem  to  have  the  property  of  combining  in  definite  proportions 

with  acids.  Hence  they  are  probably  bases  or  analogous  to  bases. 
2.  Those  that  contain  carbon,  hydrogen  and  oxygen.  They  are  pro- 
bably as  heavy,  or  heavier  than  water,  and  seem  to  have  the  pro- 
perty of  combming  in  definite  proportions  with  bases,  and  are,  there- 
fore, analogous  to  acids.  3.  Vesicating  oils.  They  contain  sulphur, 
and  probably  also  nitrogen. 

2079.  Tbeie  oils  ara  generally  obtained  by  distilling  tbe  Fig.  196.  ^ 
plants  wbicb  afford  tbem  witb  water  in  common  stills ;  tbe  ^  ^  tained.  * 
water  and  oil  pass  over  together,  and  are  collected  in  tbe 
lUtUau  ncipient  shown  in  Fig.  196,  in  which  tbe  water  ha- 
vinc  reached  tbe  level  a  by  runs  off  by  the  pipe  e,  and  tbe 
oil  being  generally  lighter  than  water,  floats  upon  its  surface 
in  the  space  d.  The  whole  contents  of  the  recipient  are 
then  poured  into  a  funnel,  the  tube  of  which  is  closed  witb 
tbe  finger,  and  when  tbe  oil  has  collected  upon  tbe  surface, 
the  water  is  suffered  to  run  from  it,  and  the  oil  transferred 
into  a  bottle.  The  distilled  water  being  saturated  witb  the 
oil,  should  be  retained  for  a  repetition  of  tbe  distillation. 
Tbe  produce  of  oil  is  sometimes  increased,  by  adding  salt 
to  tbe  water  in  the  still,  so  as  to  elevate  its  boilmg  point  a  fbw  degrees. 

*  According  to  late  experiments  of  Hess  bee's  wax  when  pure,  is  always  of  the 
■ame  constitution,  but  by  oxidation  is  oonrerted  into  an  acid. 

t  Aocofdinff  to  Ettling's  analysis,  oerin,  myricii)  and  cerain  are  isomeric  bodies,  and 
composed  of  CuHisO. 

t  See  Dnna's  analyiis,  iimsr.  Jovr,  i.  SS4. 
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cii»p.ix.  Some  of  the  Tolatile  oils  are  obtained  by  ezpressioB,  sucb  as  those 
of  lemon^  orange^  and  bergamot^  which  are  contained  in  distinct  ve- 
sicles in  the  rind  of  those  fruits. 

208C .  The  volatile  oils  vary  considerably  in  specific  gravity,  as 
will  be  seen  by  referring  to  the  TcMe$, 
Properties.  The  volatHe  oils  have  a  penetrating  odour  and  taste,  and  are  gene- 
rally of  a  yellowish  colour ;  they  are  for  the  most  part  very^  soluble 
in  alcohol,  and  very  sparingly  soluble  in  water ;  these  solutions  con- 
stitute perfumed  estenees  and  diitiUed  waters.  The  latter  are  princi- 
pally employed  in  pharmacy,  and  the  former  as  perfhmes. 

When  pure  they  pass  into  vapour  at  a  temperature  somewhat 
below  that  of  212^,  when  distillea  with  water,  they  pass  over  at  its 
boiling  point.    They  are  inflammable,  and  water  and  carbonic  acid 
Adalteia-    are  the  results  of  their  perfect  combustion.    As  many  of  these  oils 
^^*  bear  a  very  high  price,  they  are  not  unfrequently  adulterated  with 

alcohol  and  fixed  oils.  The  former  addition  is  rendered  evident  by 
the  action  of  water ;  the  latter  by  the  greasy  spot  which  they  lea:ve 
on  paper,  and  which  does  not  evaporate  when  gently  heated. 

2081.  Nitric  and  sulphuric  acids  rapidly  decompose  the  volatile 
oils. 

Exp.  A  mixture  of  four  pvts  of  nitric,  and  one  of  sttlpburic  acid,  poured  into  a 

small  quantity  of  oil  or  turpentine,  produces  instant  inflammation. 

2082.  The  relative  quantity  of  essential  oils,  furnished  from  dif- 
ferent materials,  is  liable  to  much  variation ;  the  products  of  1  cwL 
of  the  different  vegetable  substances  are  given  below."*^ 

Oil  of  tor-      2083.  Oil  of  turpentine  is  obtained  from  turpentine,  a  viscid, 
^^    ^'      transparent,  semifluid  substance,  which  exudes  from  various  species 
of  the  genus  pinus.    Common  turpentine  of  the  shops  flows  by  inci- 
sion from  the  pinta  abies  and  pinus  syivettris.    To  obtain  the  vola- 
tile oil,  called  oil  of  turpentine,  the  turpentine  is  mixed  with  water 
and  distilled.     The  oil  comes  over  with  the  water,  and  the  residue 
is  common  rosiTL 
Action  of       ^2^^-  Oil  of  turpentine  absorbs  a  large  quantity  of  hydrochloric 
hjdrochlo-  acid,    and  forms  a  crystallizable  substance  resembling  camphor, 
nc  acid.      From  the  analysis  of  artificial  camphor  it  is  probable  that  pore  oil  of 

turpentine  is  CvHw. 
Boiling  2085.  Oil  of  turpentine  begins  to  boil  at  313° ;  if  the  ebullition  is 

point.  continued  the  temperature  rises  to  350°,  or  even  higher,  showing  the 
presence  of  more  than  one  volatile  oil.  The  sp.  gr.  of  its  vapour  at 
313°  is  4.83  air  =  1. 

^Jooiper  berries  (common)  .              •       4to  6 

Ditto  (fine  Italian)             .  .                            7  to   8 

Aniseed  (common)  .      32  to  S6 

Ditto  (finest)  .              .             36  to  38 

At.  ost.     Ibi.  oz. 

Caraways  from  S  13  to   4  IS 

Diil-seed     .  from  S         to  S  0 

CWes  from  18        to  20 

Pimento  from  2        to  3  4 
Fennel-seed       .                                                        .2 

•  Leaves  of  the  Jun^^emrSoftma  14 


S066.  It  takes  fire  in  chlorine,  giring  out  nnich  smoke.    It  di^    Saet-u. 
solves  iodine.* 

3087.  Camphors,    The  term  camphor  has  been  applied  by  apo-  Camphon. 
thecaries  to  yarions  solid  bodies,  which  occasionally  appear  in  vola- 
tile oils.     They  are  distinguished  by  their  g^eat  volatility,  a  strong 
and  peculiar  smell,  by  melting  when  heated,  aud  burning  brilliantly 
when  held  to  a  lighted  candle. 

2086.  Common  Camphor.    GuHsOi.    In  its  ordinary  state  it  isCommoii 
white,  semi-transparent,  and  concrete.     Its  specific  gravity  .9887.  It  <*inphor. 
fuses  at  about  300°,  in  close  vessels.    It  dissolves  in  the  fixed  and 
volatile  oils  and  in  alcohol.    It  is  scarcely  acted  upon  by  the  alka- 
lies ;  some  of  the  acids  dissolve,  others  decompose  it. 

The  camphor  of  commerce  is  obtained  from  the  Laurus  Camphora^ 
and  comes  chiefly  from  Japan.  It  is  originally  separated  by  distil- 
lation, and  subsequently  purified  in  a  subliming  vessel  somewhat  of 
the  shape  of  a  turnip,  from  which  the  cakes  of  camphor  derive  their 
form.  When  slowly  sublimed  it  crystallizes  in  octohedrons  or  in  six- 
sided  pyramids. 

2089.  The  analysis  of  camphor  by  Dumas  gave  carbon  78*02,  by-  Compoti- 
drogen  10.39,  oxygen  11.59.  tioa. 

2090.  Camphrone  was  discovered  in  1835  by  Fremy,  by  passing  Gunph- 
fragments  of  camphor  into  a  porcelain  tube,  heated  to  redness,  and  ""** 
containing  lime.     It  is  a  slightly  coloured  liquid,  having  the  odour 

of  camphor.    It  boils  at  li57°. 

2091.  Dumas  distinguishes  by  the  name  camphogene,  what  he  Oampho- 
considers  as  the  basis  of  camphor.     It  is  a  volatile  oil  composed  of  10  ^^^'^' 
atoms  carbon  and  8  atoms  hydrogen.    It  may  be  extracted  pure  from 
artificial  camphor.    Camphor  consists  of  an  integrant  particle  of 
camphogene  and  an  atom  of  oxygen,  t 

2092.  Resins,    Resins  are  the  inspissated  juices  of  plants,  and  Resins, 
commonly  occur  either  pure  or  in  combination  with  an  essential  oil. 
They  are  solid  at  common  temperatures,  brittle,  inodorous,  and  insi- 
pid.    They  are  non-conductors  of  electricity,  and  when  rubbed  be- 
come negatively  electric.    They  are  generally  of  a  yellow  colour, 

and  semi-transparent 

S093.  Resins  are  fused  by  the  application  of  heat,  and  by  a  still 
higher  temperature  are  decomposed.  In  close  vessels  they  yield  em- 
pyreumatic  oil,  and  a  large  quantity  of  carburetted  hydrogen,  a 
small  residue  of  charcoal  remaining.  In  the  open  air  they  burn 
with  a  yellow  flame  and  much  smoke,  being  resolved  into  carbonic 
acid  and  water. 

2094.  Resins  are  dissolved  by  alcohol,  ether,  and  the  essential  Solveots  of. 
oils,  and  the  alcoholic  and  ethereal  solutions  are  precipitated  by  wa- 
ter, a  fluid  in  which  they  are  quite  insoluble.     Their  best  solvent  is 
pure  potassa  and  soda,  and  they  are  also  soluble  in  the  alkaline 

*  The  volatile  oils  are  Teiy  numeroas  \  many  of  them  have  been  described  bv  Thom- 
son, but  there  are  many  not  yet  described.  Raybaut  of  Paris  has  given  a  table  of  no 
fewer  than  207  yolatile  oils  prepared  by  himself,  with  the  names  of  the  plants  from 
which  they  were  obtained,  and  the  quantity  from  a  given  weight  of  the  plant,  in  the 
Jour,  de  Pharm.  u.  444.    See  T.  Organic  Bodiea,  469. 

t  For  description  of  camphors  from  oil  of  peppermint  and  other  essential  oils,  sea 
T.Orj^.  BKftet|403. 
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oh>p.tt   carbonates  by  the  aid  of  heat.    The  product  is  in  each  case  a  soapy 
compound,  which  is  decomposed  by  an  acid. 

Concentrated  sulphuric  acid  dissolves  resins ;  but  the  acid  and  the 
resin  mutually  decompose  each  other,  with  disengagement  of  solpho- 
rous  acid,  and  deposition  of  charcoal.  Nitric  acid  acts  upon  tliem 
with  violence. 

Uses.  2096.  The  uses  of  resin  are  various.    Melted  with  wax  and  oil, 

resins  constitute  ointments  and  plastei^.  Combined  with  oil  or 
alcohol,  they  form  difieretit  kinds  of  oil  and  spirit  varnish.  Sealing 
wax  is  composed  of  lac,  Venice  turpentine,  and  common  resin.  The 
composition  is  coloured  black  by  m^ans  of  lampblack,  or  red  by  cin- 
nabar or  red  lead.  Lampblacv  is  the  soot  of  imperfectly  burned 
resin. 

Of  the  different  resins  the  moM  important  are  common  rosin*  copal, 
lac,  sandarach,  mastich,  elemi,  and  dragon's  blood. 

•I^  and         2096.  When  turpentine  is  extracted  from  the  wood  of  the  fir-tree 

pilch.  by  heat,  partial  decomposition  ensues,  and  a  dark  substance,  consist* 
,  ing  of  resin,  empyreumatic  oil,  and  acetic  acid  is  the  product  This 
constitutes  tar ;  and  when  inspissated  by  boiling,  it  forms  pitch. 
Common  resin  fuses  at  276^,  is  completely  liquid  at  306*,  and  at 
about  316*,  bubbles  of  gaseous  matter  escape,  giving  rise  to  the  ap- 
pearance of  ebullition.  By  distillation  it  yields  empyreumatic  oils : 
in  the  first  part  of  the  process  a  limpid  oil  passes  over,  which  rises  in 
vapour  at  300*,  and  boils  at  360°  ;  but  subsequently  the  product  be- 
comes less  and  less  limpid,  till  towards  the  close  it  is  very  thick. 
This  matter  becomes  limpid  when  heat  is  applied,  and  boils  at  aboot 
500°  F.  At  a  red  heat  resin  is  entirely  decomposed,  yielding  a  large 
quantity  of  combustible  gns,  which  has  been  employed  for  the  par- 
pose  of  artificial  illumination.* 

g^l^,,^  2097.  Balsams.  These  are  semi-fluid  resins  containing  a  volatile 
oil,  which  may,  in  general,  be  separated  by  distillation,  leavings  the 
solid  resin.  In  this  division  Thomson  includes  turpentine  in  which 
the  oil  is  united  with  two  resins,  which  Unverdoben  has  distin* 
gnished  by  the  names  pinie  and  silvie  acidSt  and  Berzelins  by  the 
terms  resin  alpha  and  resin  beta.  The  oil  varies  from  5  to  25  per 
cent.,  as  do  the  resins  also. 

Vtiiiee  tu^     2098.  Venice  turpentine  is  extracted  from  the  pinut  larix,  or  eetit- 

pentlM.  nwm  larch.  It  is  limpid,  of  a  light  yellow  colour,  and  of  the  consis* 
fence  of  honey.  It  contains  from  IS  to  25  per  cent,  of  oil  of  turpen* 
tine,  what  remains  af^er  distillation  is  colophon  or  common  rosin.  It 
dissolves  in  alcohol.t 

Csfsiva.  2099.  Copaiva  is  obtained  from  the  eopaifera  offlcinalis  and  coria" 
cea;  it  exudes  from  incisions  made  in  the  trunk  of  the  tree.  It  is 
transparent,  yellow,  of  an  agreeable  smell  and  pungent  taste.  Its  sp. 
gr.  is  0.950.    It  yields  a  volatile  oil  by  distillation. 

PhipertiM.      2100.  It  is  insoluble  in  water,  but  imparts  to  it  its  ^peculiar  taste 


*  In  the  arrangement  of  the  ftpparstni  for  this  purpose,  the  rosin  liquefied  bv  heat  is 
altowed  to  pass  into  the  retort  containing  coal  or  coke.  It  has  not  been  toana  eooco- 
mical  in  England.    See  lire's  Did.  Arts  and  Manvf,  1076. 

t  SttxuAurg  turpentine  is  eitracted  from  ihepintupicea. 
Canada  baltam  is  obtained  from  the  vinue  eanadauie  and  bahamea  and  the 
pentlMqfCfiprutmiChiofnmitmpUaeeat^MnikuB. 
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and  smell.    It  dissolves  in  all  proportiont  in  abaoliike  alcohol ;  ako-    8get.li. 
hoi  of  sp.  gr.  O.&IS  dissolves  only  the  9th  or  10th  of  its  weight.    It 
dissolves  in  ether  and  fixed  and  volatile  oils.*    It  combines  with  sa- 
lifiable basest     It  has  a  remarkable  affinity  for  magnesia,  1  part  of 
magnesia  dissolving  in  30  of  balsam  into  a  transparent  liquid. 

2101.  It  is  sometimes  adulterated  with  fixed  oils  ;  which  can  be  Adalten- 
detected  by  alcohol  dissolving  the  balsam  but  leaving  the  oil.     Cas- Jj*^  **«^*" 
tor  oil  is  however  soluble  in  alcohol,  but  it  may  be  detected  by  agi* 

tation  with  ammonia,  sp.  gr.  .965,  in  a  glass  tube ;  the  solution  is 
transparent  if  the  balsam  l^  pure,  but  milky  if  it  contains  castor  oil. 

2102.  B(dsam  of  Peru  is  obtained  from  the  fnyroxylon  peruiferum  Balsam  of 
of  South  America.     Two  varieties  occur  in  commerce,  one  obtained  Pem. 

by  incisions  in  the  tree,  having  a  slight  tint  of  yellow ;  the  other  by 
boiling  the  branches  and  bark  of  the  tree  in  water. 
According  to  the  analysis  of  Stoltze  balsam  of  Peru  is  composed  of 

Volatile  oil      ....  69. 

Reain  very  aoluUe  in  aloobol  .      S0.7 

Do.     little      ....  2.4 

Benzoic  acid        j.  ,6.4 

ExtractiTe  matter                   .           .  0.6 

Moisture               ,           .  .0.9 

100. 

The  oil  is  much  less  volatile  than  the  other  volatile  oils,  and  can^ 
oot  be  separated  by  distiilation.t 

2103.  The  principal  solid  resins  are,  rosin  or  colophan,  mastich«t  Solid  ra- 
eandarach,  elemi,  guaiacum«^  storax,  dragon's  bloodJI  benzoin,  and  *">■- 
anime. 

2104^  Copal  is  the  most  important  of  this  elass^  it  flows  from  the  Copal, 
rkus  copalinum  and  eloBocarpus  copaliferus  ;  the  first  a  native  tree  of 
America,  the  second  of  the  East  Indies  It  is  white  with  a  tint  of 
brown,  sometimes  opaque,  at  others  nearly  transparent.  It  difiers 
from  other  resins  in  not  being  soluble  in  alcohol  nor  in  oil  of  turpen- 
tine without  peculiar  management  Itssp.  gr.  varies  from  1.045  to 
1.069. 

2105.  Its  solution  is  much  employed  as  a  varnish,  in  the  forma-  uaes. 
.tion  of  which  several  processes  are  followed. IT    The  following  me* 
thod  is  recommended  by  Leaormand  : 

*  Stoltze  in  BerHn  Juhrb.  xxrii.  2, 179. 

t  Balsam  of  Tolu  isxibtained  from  the  tvUfera  ba/aamum,  it  is  reddish  brown,  be- 
•eomes  brittle  oy  exposure  to  the  air,  and  has  a  fragrant  odour.  It  diasolvea  in  ether, 
jilcohol,  and  the  Tolatile  oils.    For  other  balsams  see  T.  Org.  BotUest  620. 

t  Prom  late  InTestigation  of  resins  it  appears  that  msstich  consists  of  two  resins ; 
the  one  soluble  and  acid,  the  other  insoluble  and  not  acid.  Johnson,  in  Philf  TVan* > 
Jkpril  1839. 

§  Guaiacnm  is  rendered  bine  by  Tarions  animad  JU^d  Tegtlable  sobstances ;  it  becomes  Ada](«„tioB  of 
lilQe  when  rubbed  with  the  gluten  of  wheat,  or  the' farina.    It  is  often  adulterated  with  guaiaeam. 
-common  rosin.    To  discover  this  frand,  disspke  the  guaiacum  in  caustic  potassa :  it 

pure  the  solution  is  limpid,  but  muddy  if  rosin  be  present,  as  long  as  there  is  excess  of 

Alkali. 

II  Lump  Dragon's  blood  is  the  natural  jsnd  pure  resin,  while  the  strained  and  red  Ta- 
rieties,bein^  manufactured  articles,  are  more  or  less  decomuosed :  it  contains  alcohol 
and  ether  with  considerable  tenacity,  but  they  may  be  expelled  by  long  exposure  to  a 
temperature  notiugher  than  200°.    Johnson,  Phil.  Trans.  April  1839. 

IT  Nicholson's  Jour.  ix.  167}  T.  Org.  Bodxes,  644  j  Neil  in  TVaiw.  iSbe.  qf  ArU, 
xlix.  Ample  details  for  makiag  a  great  yariety  of  Tarnishes  are  given  in  Ure'a  Did, 
Jrtt4Bidiraiiii/:i264. 
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Lie 


SMftnU. 


Amber. 


Sacdoio 
acid. 


Chap.  IX.       Drop  upon  the  pieoea  of  oopal  pura  eaamlfal  oil  of  roaanivj.    Tboae  pi 

Solatioo  of  ^"^^  ^'^  aoftenad  by  the  oil  are  fit  for  the  purpoae,  the  otbera  are  not    fieduco 

copal.  ^^^™  to  a  fine  powder;  put  tbia  powder  into  a  claas  vesael  not  thicker  than  a 

*  finger  breadth ;  pour  oil  of  rosemary  oyer  it,  ana  atir  it  about  with  a  glan  rod. 

In  a  abort  time  the  whole  is  converted  into  a  thick  liquid.    Pour  alcohol  on  this 

liquid  by  little  at  a  time,  incorporating  it,  by  gently  agitating  the  yeaael,  till  it  ia 

or^e  requisite  thinneaa  for  uae.* 

2106.  Lac  is  an  important  resin  deposited  in  difierent  trees  in  the 
East  Indies,  viz.  Jkus  indica,  /.  reUgiosa,  and  rhamniu  jujvJba*  It 
flows  out  in  the  state  of  a  milky  liquid,  in  consequence  of  the  punc* 
ture  of  a  small  insect,  the  coccttsJUui,  on  the  branches  of  these  trees, 
made  by  the  insect  in  order  to  deposit  its  ova*  The  various  kinds  of 
lac  distinguished  in  commerce,  are  sttck'lact  which  is  the  substance 
in  its  natural  state,  investing  the  small  twigs  of  the  tree ;  teed-iaCf 
which  is  the  same  broken  off;  and  which,  when  melted,  is  called 
thetlAac.  These  substances  have  been  examined  by  Hatchett. 
Their  component  parts  are  exhibited  below.t 

2107.  Water  dissolves  the  colouring  matter  of  lac,  and  alcohol  the 
resin  which  constitutes  the  chief  ingredient  of  lac.  A  solution  of 
borax  in  water  dissolves  lac;  the  best  proportions  are  20  grs.  of  bo- 
rax, 100  grs.  of  lac,  and  4  ounces  of  water.  This  solution  mixed 
with  lampblack,  constitutes  Indian  ink..  Lac  contains  a  peculiar 
body  called  Utecm, 

2108.  Amber  is  a  substance  which,  in  some  of  its  properties!  re* 
sembles  resin ;  it  is  however,  very  sparingly  soluble  in  alcohol,  and 
difficultly  soluble  in  the  alkalies.  When  submitted  to  distillation,  it 
furnishes  an  acid  sublimate,  which  has  received  the  name  of  succinic 
acid,    {t  is  found  in  beds  of  wood  coal. 


Gum  re- 


FoBtidgom 
raaios. 


Section  III.     Gum  Betins, 

2109.  The  term  gum  resin  is  applied  to  a  number  of  concrete  ve* 
getable  juices  which  contain  various  proportions  of  resin,  gum«  and 
other  vegetable  principles.  They  are  opaque,  solid,  brittle,  or  sonae* 
times  with  a  fatty  appearance.  They  are  less  combustible  than  the 
resins ;  they  do  not  melt  like  resins  but  are  softened  by  beat,  and 
swell.  They  burn  with  flame^  They  are  partially  soluble  in  water 
and  alcohol.  The  aqueous  solution  is  milky,  the  alcoholic  tranapa- 
rent,  but  becomes  milky  on  dilution.  Their  best  solvent  is  dilate 
alcohol. 

2110.  Those  gum  resins  which  have  a  fetid  or  alliaceous  odour»  aro 
ammoniac,  galbanum,  assafcstida,  opoponax,  and  sagapenum.  The 
stimulating  gum  resins|  are  ollbanum,  myrrh,  euphorbium,  and 
bdellium  ;  the  first  is  the  frankincense  of  the  ancients. 


*  Jour,  de  Chim,  iii.  21 S. 

t  Resins       ...       68       , 


Colouring  matter 

Wax 

Gluten 

Foreign  bodiea   . 

Loaa  .       . 


10 
6 

5.& 

4.0 


Sted-Xdu:, 

88.6 

S.6 

4.6 

2.0 


a.6 


•0.9 
OS 
4.0 
2.8 

1.8 


^OfTbomaon. 


100 


too 


100 
PhU.  TVana.  I80«. 
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2111.  The  cathartic  gum  resins  are  aloes,  scammony.  and  gam"   8»ct.iv. 
boge.    The  sedative  gum  resins  are  opiaiQi  lactucarium*  and  upas. 

2112.  Of  the  sedative  gum  resins  opium  is  the  most  important;  Opiom. 
it  is  the  milky  juice  of  the  papaver  somrdferum,  inspissated  into 

a  dark  coloured  solid  by  exposure  to  the  atmosphere.  Its  best  soN 
vent  is  common  spirits.  Its  principal  constituents  have  been  al- 
ready described.    It  difiers  much  in  its  qualities. 


Sbctiok  IV.    Neutral  Vegetable  Principles. 

2113.  Neutral  vegetable  principles  are  those  bodies  which  neither  Nratnl 
possess  the  properties  of  acids  nor  bases,  and  which  so  far  as  ia  princtplef . 
known,  do  not  combine  in  definite  proportions  with  other  substances. 

They  have  been  arranged  by  Thomson  in  thirteen  divisions. 

2114.  Amides^  or  Anddets,     The  term  amide  signifies  an  anby-  PifiiioD 
drous  ammoniacal  salt  deprived  (if  an  expression  apparently  contra^  JJJ^'  ^°**" 
dictory  may  be  allowed)  of  an  atom  of  water.  (1562) 

2116.  Oxamide.  COj+NHa  ==  44.  (T.)  This  was  discovered  by  Ownide, 
Dumas  in  1830.t  When  oxalate  of  ammonia  is  heated  in  a  glass  q^i^q^ 
retort,  it  loses  in  the  first  place  its  water  of  crystallization,  and  the 
crystals  become  opaque.  The  salt  then  melts  and  boils,  but  only  in 
those  parts  which  receive  immediately  the  impression  of  the  beat. 
Those  portions  which  melt  undergo  decomposition  and  disappear 
rapidly,}  When  the  distillation  is  at  an  end  some  trace  of  charcoal 
merely  remains  in  the  retort ;  all  the  rest  has  been  volatilized.  In 
the  receiver  is  found  water  impregnated  with  carbonate  of  ammonia, 
This  water  holds  in  suspension  a  flocky  matter  of  a  dirty  white  co^ 
lour.§  The  white  flocks  and  deposit  on  the  beak  of  the  retort  con^* 
stitute  the  substance  called  oxamide.  To  purify  it,  it  is  washed  out 
upon  a  filter  and  thoroughly  edulcorated  with  cold  water.  Being 
nearly  insoluble,  it  remains  on  the  filter. 

2116.  The  gases  disengaged  during  the  distillation  change  their  C^sm* 
nature  as  it  proceeds ;  they  are  ammonia,  then  carbonic  acid  and  *^°'^^* 
oxide,  and  cyanogen;  water  and  carbonate  of  ammonia  are  also 
formed.ll 

2117.  Oxamide  is  obtained  in  crystallized  plates,  or  as  a  granular  Prop^rttet. 
powder.     When  pounded  and  well  washed  it  is  a  dirty-white  pow- 
der, resembling  uric  acid,  without  taste  or  smell,  or  any  action  on 
vegetable  colours.    It  is  volatile,  and  crystallizes  when  cautiously 
heated  in  an  open  tube.    It  is  not  sensibly  soluble  in  cold  water ; 

but  dissolves  in  boiling  water. 

2118.  Heated  in  sulphuric  acid  it  dissolves,  and  gas  is  given  out  ^^^j^^ 
in  abundance,  consisting  of  equal  vols*  of  carbonic  acid  and  carbonic  of  s. 
oxide.     At  the  same  time  a  quantity  of  ammonia  is  formed,  which 

*  LnducQrium  ifl  obtained  from  tbe  juice  of  ihe  Laehtea  $aii9a  or  common  garden 
lettoce.  t  Ann.  de  Chim,  et  de  Phya,  xlvr.  129. 

t  Bat  the  mass  in  general  retains  its  appearance,  and  a  careful  examination  is  neces- 
sary to  be  able  to  perceive  the  thin  layer  of  the  salt  which  is  in  a  state  of  fusion. 

f  The  neck  of  the  retort  exhibits  nsually  crystals  of  carbonate  of  ammmiia,  and  a 
thick  layer  of  the  same  white  matter. 

11  Liebig  has  shown  that  when  caustic  ammonia  is  added  to  oxalic  etiier,  alcohol  is 
evolved,  and  a  copious  deposit  of  oxamide  is  produoed.  This  is  by  far  the  most  eeo- 
aoaical  method  of  preparing  oxamide.    See  Aim.  de  Pharm^  ix.  129.    T.  691. 
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Chiff'  g,  combines  with  the  acid.  Boiled  in  a  concentrated  solution  of  po- 
nd of  po-  tassa  it  gi^es  oat  ammonia  in  abandance,  with  the  formation  of  oxalic 
**'*^         acid  which  combines  with  the  potassa. 

▲mljnt.  2119.  According  to  the  analysis  of  Dumas*  its  constituents  appear 
to  be  CtO,+H«N  =  44.0.  If  we  add  HO  (an  atom  of  water),  the 
ozamide  becomes  CsO»-|-H»N,  or  oxalate  of  ammonia.t  T.  sss. 
Ether  oza-  2120.  Etheraxamide  is  obtained  when  a  current  of  dry  ammonia* 
cal  gas  is  passed  over  a  given  quantity  of  pure  oxalic  ether.  Succi" 
namide  is  formed  when  the  same  gas  is  made  to  act  upon  anhydrous 
succinic  acid.  Benzandde  is  obtained  when  the  gas  is  absorbed  by 
pure  chloride  of  beozoul.  Sulpkamide  is  formed  when  dry  ammo- 
ntacal  gas  is  combined  with  anhydrous  sulphuric  acid. 

2121.  This  division  comprises  htnzcyl  and  its  compounds.! 

2122.  The  base  of  benzoic  acid  has  been  termed  by  Liebig  and 
Bosojl.     Wohler  benzayly  and  was  obtained  by  Laurent  by  passmg  a  current 

of  chlorine  gas  through  benzoin  kept  in  fusion  while  the  gas  was 
passing ;  hydrochloric  acid  was  formed  and  benzoyl  disengaged.  It 
was  purified  by  solution  in  alcohol  and  crystallization. 

2123.  The  volatile  oil  of  bitter  almonds  is  a  hydret  of  benzoyl, 
and  this  oil  has  the  property  of  absorbing  oxygen  and  of  being  con* 
verted  into  benzoic  acid.     The  change  may  lie  thus  explained : 


ad. 


The  oU  b 
Benzoic  acid 


CuHe  0| 
CiiHsOft 


Explum.    go  ii^^i  ii^Q  qW  contains  1  atom  more  of  hydrogen,  and  I  atom  less  of 


oxygen,  than  the  acid ;  2  atoms  of  oxygen  are  absorbed,  the  one 
unites  with  1  atom  of  hydrogen  and  forms  water,  while  the  other 
combines  with  (CuHsOg)  and  converts  it  into  benzoic  acid.  GuH^Ot 
must  be  the  base  of  benzoic  acid,  and  the  oil  must  be  this  base  com* 
bined  with  an  atom  of  hydrogen,  or  a  hydret  of  Imwelyt  T.f^^^^i/niiC 
PrapntiM.  2124.  Benzoyl  is  slightly  yellow,  without  taste  or  smell ;  insoluble  0 
in  wateri  very  soluble  in  alcohol  and  ether,  crystallizing  in  six-sided 
prisms.  Its  lustre  is  vitreous.  It  may  be  volatilized  without  decom- 
position ;  becomes  solid  at  about  196** ;  burns  on  platinum  with  a 
red  flame,     t.  603. 

Aailjiit.        The  aoBlyns  afforded 

Carbon 
Hydrogen 
Oxygen 


14  atoma  per  cent. 
6 
S 


«( 


u 


C( 


cc 


u 


u 


80. 
4.76 
15.24 

100. 


Com-  2125.  The  compounds  of  benzoyl  and  their  composition  are  the 

KHSJl     following : 

Benzoyl         ... 
Hydret  of       **        or  oil  of  bitter  almonds 


Benzoin 

Benzoic  acid 

Chloride 

Bromide 

Iodide 

Sulphoret 

Cyanide 


cc 
cc 
cc 
cc 
cc 


CuHs  Oa 
CuHs  Os  -I-  H 
CmH,  Oa  +  H 
CmHs  Oi  +  O 
C14H5  Oa  +  CI 
CuHs  Oi  +  Br 
CuHf  Oi  + 1 
ChHs  Oa  +  8 
CmHs  Oj  +  Ca  N 


*  Ann.  de.  Chim.  et  de  Phyt,  zlir.  129,  and  Jour,  de  Pharm.  zrii.  177. 
t  NHa4</a0ai  «!•  44.SS.    L.  769.  t  BmuuU.  Tend  L. 
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Benzone*         C14H5O  .    a^ou  iv. 

Benzinet  C^B^.  Now,2(C6H3)+2(C02)=CuH50a+02 

Benzamide       Ci«H  5O2+H2N 


Azotobenzidef  2(CeH3}-|-N 

2126.  Spirail  and  its  compounds,     Spiroil  is  the  supposed  base  of  Difition 
the  volatile  oil  extracted  from  the  flowers  of  the  spiraa  tUmaria.     It  ^ 

is  a  compound  of  CUH5O4  with  an  atom  of  hydrogen.  It  has  not 
been  obtained  in  a  separate  state,  but  it  has  been  combined  with  ox- 
ygen, chlorine,  bromine,  iodine  and  hydrogen,  and  shown  to  form 
definite  compounds  with  each. 

2127.  Sugar.   GuiHioOio  =  162.24.     The  term  sugar  has  been  Divisioa 
applied  to  various  substances  characterized  by  a  sweet  taste.  ^^' 

2128.  Sugar  may  be  extracted  from  the  juice  of  a  number  of  ve-  Sugara. 
getables,  and  is  contained  in  all  those  having  a  sweet  taste ;  that  P^pv*- 
which  is    commonly  employed   is    the    produce  of   the  arundo^"*^ 
jocchariferat  or  sugar-cane,  a  plant  which  thrives  in  hot  climates. 

Its  juice  is  expressed  and  evaporated  with  the  addition  of  a  small 
quantity  of  lime,  until  it  acquires  a  thick  consistency ;  it  is  then 
transferred  into  wooden  coolers,  where  a  portion  concretes  into  a 
crystalline  mass,  which  is  drained  and  exported  under  the  name  of 
muscovado,  or  raw  sugar.  The  remaining  liquid  portion  is  molasses,  ^  , 
or  treacle.  A  gallon  of  juice  yields  on  an  average  about  a  pound  of 
raw  sugar. 

2129.  The  juice,  which  flows  spontaneously  from  incisions  made  ^■"••i^*  ^'f 
in  the  American  maple-tree,  affords  a  quantity  of  sugar  sufficient  '°^'* 

to  render  it  a  process  worth  following.  The  juice  of  the  carrot,  the 
melon, II  and  still  more  remarkably  of  the  beet  {beta  vulgaris,  l.) 
yields  a  considerable  proportion  of  sugar.  To  obtain  it  from  the  lat- 
ter vegetable,  the  roots,  softened  in  water,  are  to  be  sliced,  and  the 
juice  expressed.  It  is  then  to  be  boiled  down,  with  the  addition  of  a  Beet  sugar, 
little  lime,  till  about  two  thirds  remain,  and  afterwards  strained. 
These  boilings  and  strainings  are  repeated  alternately,  till  the  liquid 
attains  the  consistence  of  syrup,  when  it  is  left  to  cool.  The  su- 
gar thus  extracted,  retains  somewhat  of  the  taste  of  the  root ;  but  it 
may  be  purified  by  the  operation  used  for  the  refining  of  West  India 
sugar,  and  it  then  loses  its  peculiar  flavour.  The  quantity  obtained 
varies  considerably ;  but  in  general  it  may  be  stated  at  between  four 
and  five  pounds  from  100  lbs  of  the  root,  besides  a  proportion  of  un- 
crystallizabie  syrup.  In  Germany  the  expense  has  been  calculated 
at  about  three  pence  per  pound. IT 

*  This  term  was  appUiHi  from  the  analogy  between  henxone  and  acetone,  tlie  name 
giTen  by  Damas  and  Liebig  to  the  liquid  formerly  called  pyroaceHe  tpirii. 

t  The  benzine  of  Mitscherlich  it  the  same  with  the  biearburet  qf  hydrogen  of  Fa- 
raday. 

t  Formed  when  nitrio  add  ia  made  to  act  open  hit  benzin. 

9  A  auhstance  obtained  by  dittiUing  a  mixtore  of  nitrobenztde  and  lime.  For  de- 
talla  respecting  these  oompoundt,  tee  Thomson's  Orff.  Bodiea,  604. 

II  Quart.  Jour.  N.  S.  1 .  339. 

IT  See  Chaptal  On  the  mam^facture  qf  Sugar  in  France,  Phil.  Mug,  iWii.  331.  For 
detaili  respecting  the  manofactnre  and  refilling  of  tagar,  see  Ure  v  Diet.  Artt  and 
Meawf.  1191. 
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Chap*  IX, 

Action  of 
tulphuric 
icid, 


Of  Ditrio 
acid, 


Of  acids  in 
fanonu* 


Absorbs 
ammooia. 


Solvents. 


Effect  of 
heat. 

Product  of 
lU  distilla- 
tion. 


Liqaidsii- 
gar. 


Sagarof 
grapoa. 


2130.  Sufifar  is  altered  by  the  action  of  the  strong  acids;  Con- 
centrated sulphuric  acid  poured  upon  sugar  blackens  it,  and  causes  it 
to  deposit  a  charry  matter  when  we  dilute  the  acid  with  water.  When- 
long  boiled  with  this  acid  it  is  converted  into  sugar  of  grapes,  orthatt 
species  of  sngar  into  which  starch  is  converted  by  the  same  process.. 

2131.  By  nitric  acid  it  is  converted  into  oxalhydric  and  oxalic 
acids :  480  grs.  of  sugar,  treated  with  6  ounces  of  nitric  acid,  diluted 
with  its  own  weight  of  water,  and  cautiously  heated,  separating  the 
crystals  as  they  are  formed,  yielded  280  grs.  of  oxalic  acid.  So  that 
100  parts  of  sugar  yield  by  this  treatment  58  parts  of  oxalic  acid.^ 
Hydrochloric  acid  acts  upon  sugar  like  the  sulphuric.  When  chlo^ 
rine  is  passed  through  a  solution  of  sugar^  it  transforms  it  into  oxaK 
hydric  acid,  while  the  chlorine  is  converted  into  hydrochloric  acid. 

2132.  Malagutti  and  Bouchardtt  have  lately  ascertained  that  acids» 
in  general,  even  when  very  dilute,  act  upon  sugar  in  the  same  man- 
ner when  assisted  by  heat.  They  first  convert  it  into  uncrystallizable 
sugar,  then  into  sugar  of  grapes,  then  into  uncrystallizable  sugar» 
then  into  ulmic  acid ;  and  finally,  if  atmospheric  air  be  present,  inta 
ulmic  and  formic  acids. 

2133.  Sugar  combines  with  the  acidifiable  bases.  When  intro-^ 
duced  into  ammonia,  over  mercury,  it  absorbs  the  gas,,  diminishes 
in  bulk,,  becomes  coherent,  compact,  and  soft,  so  that  it  can  be  cut 
with  a  knife,  and  gives  out  an  ammoniacal  smell. 

2134.  Sugar  is  soluble  in  alcohol,  but  not  in  so  large  a  proportion 
as  in  water.  When  the  solution  is  set  aside  it  deposits  crystals.  It 
unites  with  oils,  and  renders  them  miscible  with  water.  A  moderate 
quantity  of  it  retards  the  coagulation  of  milk ;  but  a  large  quantity 
promotes  it. 

2135.  When  heated  sugar  melts,  swells,  becomes  brownish  black,, 
and  exhales  a  peculiar  smell  known  in  French  by  the  name  caramel: 
At  a  red  heat  it  bursts  into  flame.     See  Appendix. 

2136.  When  distilled  in  a  retort  sugar  yields  water,  pyromucic 
acid,  empyreumatic  oil,  and  a  bulky  charcoal.  When  a  solution  of 
sugar  is  used  carbonic  acid  and  carburetted  hydrogen  are  obtained^ 
It  is  therefore  decomposed  by  heat.l 

2137.  Liquid  sugar  exists  in  a  variety  of  fruits  and  vegetable  juices^ 
It  is  distinguished  by  being  uncrystallizable.  It  may  be  obtained 
from  the  stalks  of  the  zea  mays^  or  Indian  corn  and  constitues  a  cod-> 
siderable  portion  of  the  molasses  of  common  sugar. 

2138.  Sugar  of  grapes.  GuHisOis.  Verjuice,  or  the  liquid  oIh 
tained  from  unripe  grapes,  contains  tartar,  sulphate  of  potassa,  suU 
phate  of  lime,  much  citric  acid,  a  little  malic  acid,  extractive,  and 
water,  but  neither  gum  nor  sugar.  As  the  grapes  advance  to  matu-* 
rity,  the  citric  acid  disappears,  and  gum  and  sugar  appear  in  its  places 
The  ripe  grape  juice  yields  from  a  third  to  a  fifth  of  solid  matter. 


*  Craickshanks,  Rollo  or  ZHoftefet,  460.       t  Jcmr,  cfe  Pkarm.  xzi.  440,  and  697. 

t  For  the  result  of  Front's  analysis  of  snsar,  see  PhSL.  7Vtiii«.  1827. 

Fremy  obtained  an  oilv  looking  matter  from  I  oart  sugar  and  8  parts  lime,  whiek 
yielded  aceUme  C3H3O  and  meiacetone  C^VL^O.  Two  atoms  of  sngar  may  be  re* 
solved  ioio  3  atoms  metaoetone,6  atoms  carbonic  acid  and  7  atoms  water :  and  1  atom  of 
sogar  into  3  atoms  of  acetone,  3  atoms  of  carbonic  acid  and  2  atoms  water  (T.  636)., 
Starch  and  gum  distilled  with  lime  afford  the  same  products. 
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The  sugar  may  be  extracted  with  the  aid  of  potassa  and  heal.    li  is    8tt.iv. 
less  sweet  than  that  from  sugar  cane. 

2139.  Starch  may  be  converted  into  a  sugar  possessing  the  pro-  CoDTenioB 
perties  of  sugar  of  grapes,  by  mixing  it  with  about  4  times  its  weight  9^  starch 
of  water,  and  about  -i^  part  of  its  weight  of  sulphuric  acid,  boiling"***  "**'' 
for  36  hours,  supplying  water  as  it  evaporates,  saturating  the  acid 

with  linie,  separating  the  sulphate  of  lime  and  concentrating* 

2140.  Honey  is  also  a  variety  of  sugar  containing  a  crystallizable  „ 
aad  an  uncrystallizable  portion ;  the  predominaace  of  one  or  other  of    *"'^' 
which  gives  to  it  its  peculiar  character ;  they  may  be  partially  sepa- 
rated by  mixing  the  honey  with  alcohol,  and  pressing  it  in  a  linen 
bag;  the  liquid  sugar  being  the  most  soluble,  passes  through,  leaving 

a  granular  mass,  which  forms  crystals  when  its  solution  in  boiling 
alcohol  is  set  aside.  Honey  also  frequently  contains  wax,  and  a 
little  acid  matter. 

2141.  Manna  is  an  exudation  from  the  Praxinus  omuSf  a  species  M^g. 
of  ash,  growing  in  Sicily  and  Calabria.     It  exists  in  the  leaves  of 
celery  and  several  other  plants.     To  obtain  pure  manna,  dissolve 

Ihe  maniui  of  the  shops  in  boiling  alcohol  and  allow  it  to  cool ;  the 
manna  crystallizes.  It  has  a  sweet  and  somewhat  nauseous  taste, 
and  is  used  in  medicine  as  a  mild  aperient.  The  sweetness  of  manna 
is  owing,  not  to  sugar,  but  to  a  distinct  principle  called  mannite.  Its 
solution  in  water  does  not  appear  susceptible  of  vinous  fermentation. 

2142.  lAquorice  sugar  is  the  inspissated  juice  of  the  glycyrrhiza  LiqgoncQ 

{^hhra  a  native  of  Spain.     It  combines  with  bases  and  with  salts,  sugar, 
t  precipitates  the  greater  number  of  metallic  solutions. 

2143.  Glycerin,    CeHTOs  =  83.  (T.)  This  substance  was  called  Olyeeria. 
by  Scheele  9U)€ei  principle  of  oils. 

To  obtain  it  an  oil  may  be  diffested  with  an  alkaline  ley  till  converted  into  prooesa. 
■oap.    The  soap  being  separateo,  the  alkaline  liqaid  is  satarated  with  sulphuric 
acia,  and  any  excess  of  acid  removed  by  carbonate  of  barvta.    Filter  and  evapo- 
rate to  the  consistence  of  a  syrup :  dissolve  the  syrup  in  alcohol  and  filter ;  evap- 
orate the  alcoholic  solution  \  the  glycerin  remains. 

2144.  It  is  a  colourless  syrup,  uncrystallizable,  of  a  sweet  taste  Properties, 
and  without  smell.      From  the  analysis  of  Liebig  and  Pelouze  1 

atom  of  glycerin  is  combined  in  stearm  with  2  atoms  of  stearic  acid. 

3145.  Amylaceous  substances.  When  wheat  flour  is  formed  into  a  Division 
paste  with  water,  and  then  held  under  a  small  stream  of  water,  ^^^' 
kneadiqg  continually  till  the  water  runs  off  colourless,  the  flour  is  ^^l^ 
divided  into  two  constituents  gluten  and  starch.     The  starch  is  re-  stances, 
moved  by  the  water  and  subsides  on  standing. 

2146.   The  common  process  for  obtaining  the  starch  of  wheat  consists  in  py^^^^M  for 
steepina  the  grain  in  water  till  it  becomes  soft;  it  is  then  put  into  coarse  linen  oi,|^[Qi||» 
bags,  which  are  pressed  in  vats  of  water ;  a  milky  juice  exudes,  and  the  starch  siarch. 
faUs  to  the  bottom  of  the  vat.    The  supernatant  liquor  undergoes  a  sli|^ht  fer- 
mentation, and  a  portion  of  alcohol  and  a  little  vinegar  is  formed,  which  dis- 
solves some  impunties  in  the  deposited  starch ;  it  is  then  collected,  washed,  and 
dried  in  a  moaerate  heat,  during  which  it  splits  into  the  columnar  fragments 
which  we  meet  with  in  commerce,  and  which  are  generally  rendered  uightly 
bine  by  a  little  smalt. 

2147.  Starch  or  Fecula,  may  be  separated  from  a  variety  of  sub- 
stances ;  and  many  roots,  by  diffusing  the  powdered  grain  or 
the  rasped  root  in  cold  water,  the  grosser  parts  may  be  separated  by 
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Analysis* 


a  strainer  and  the  liquor  which  passes  deposits  the  staicht  which  is 
to  be  washed  in  cold  water  and  dried  in  a  gentle  heat 

2148.  Arrow  root  consists  entirely  of  very  pure  starch.  It  is  ex- 
tracted from  the  potato,  and  the  roots  of  the  jatropha  mamhot  afford 
the  variety  known  as  cauava  and  tapioca.  Sago^  another  variety^ 
is  extracted  from  the  pith  of  a  species  of  palm  the  sagus  rapfdn 
which  grows  in  the  East  India  Islands.*  Sidop  comes  from  Persia 
and  is  supposed  to  be  the  prepared  roots  of  difllerent  species  of 
orchis.  Of  rice,  starch  constitutes,  according  to  Braconuot,  from  83 
to  85  per  cent. 

2149.  Pure  starch  is  a  white  substance,  insoluble  in  cold  water, 
but  readily  soluble  at  a  temperature  between  160**  and  180^.  Its 
solution  is  gelatinous,  becomes  mouldy  i\nd  sour  by  exposure  to  air, 
and  by  careful  evaporation  yields  a  substance  resembling  gum  in 
appearance,  which  is  a  compound  of  starch  and  water.  Starch  is 
insoluble  in  alcohol  and  in  ether  ;  its  roost  characteristic  property  is 
that  of  forming  a  blue  compound  with  iodine. 

2150.  Starch  consists    essentially  of   two  distinct  substances. 

1.  The  liquid  portion  which  fills  each  little  vesicle  composing  it,  and 

this  liquid  consists  of  water  holding  in  solution  a  peculiar  substance 

which  is  called  amidin.\    2.  The  vesicular  portion   of  the  grain, 

insoluble  in  water,  and  called  atnylin.^      According  to  Guerin^- 

Vary,  potato  starch  is  composed  of 

2.12 
38.13 
59.75 
100« 


Exterior  tegumentary  amylin,  • 
Amidin  ..... 
Amylin     -        .        .       .       - 


2151.  Amidin  or  the  soluble  part  of  starch  has  neither  taste  nor 
smell.  Gold  water  dissolves  it,  but  it  is  more  soluble  in  boiling 
water :  it  is  insoluble  in  alcohol  and  ether.  Its  aqueous  solutioo 
soon  becomes  acid.  Digested  in  nitric  acid  it  forms  oxalhydric  acid, 
and  then  oxalic  acid.  100  parts  of  amidin  and  250  of  sulphuric 
acid  at  the  temperature  of  150^  furnish  95.8  parts  of  anhydrous 
sugar. 

2152.  Amylin  is  insoluble  in  water,  it  does  not  dissolve  in  boiling 
water,  nor  in  alcohol  or  ether;  but  it  swells  in  water  and  becomes 
white.  When  100  parts  are  digested  with  800  of  nitric  acid,  25.46 
parts  of  anhydrous  oxalic  acid  are  formed.  When  digested  in  sul* 
phuric  acid  and  water  it  is  converted  into  sugar:  100  parts  of  amy- 
lin give  110.57  of  hydrous  sugar. 

From  pure  amylin  Prout  obtained 

Carbon 43.31 

Hydrogen 6.49 

Oxygen 60.30 

100 

Nambers  which  lead  to  the  concluaion  that  it  it  eompoaed  of  12  atoms  carbon, 
10  hydrogen  and  10  oxygen.     (T.) 

It  19  probable  that  the  aatriiu  of  Biot  and  Perton  coniiBts  chiefly  of  amidin. 
T.  656. 


*  See  an  accoont  of  its  preparation  io  Forest's  Voyage,  p.  3t. 

t  Vary  in  Ann.  de  Chim.  et  de  Phyt.  ItI.  231 . 

t  From  the  Greek  vord  afivkop  9tarek.  9  Jour,  de  Pkarm^  xzii.SIO. 
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2153.  Hordem  may  be  obtained  from  barley-meal  made  into  a  JBttu  iv» 

?i8te  with  water  and  washed  by  a  current  of  water  dropping  on  it.  Hordmo. 
he  starch  and  hordein  are  washed  away.     By  boiling  in  acidnlous 
water,  the  starch  is  taken  up,  and  the  hordein  remains  unaltered.   It 
amounts  to  from  54  to  66  per  cent,  of  the  meal. 

2154.  it  is  a  yellow  powder,  resembling  sawdust ;  insoluble  inPropertiM. 
water  and  alcohol,  does  not  yield  ammonia  ;  but  yields  oxalic  and 

acetic  acids.  During  the  malting  of  barley,  the  hordein  is  converted 
into  starch. 

2155.  Lichenin  is  the  name  given  to  what  was  once  called  the  Ltcheniii. 
starch  of  the  cetrnria  islandica  or  Iceland  moss,  which  when  good 
yields  about  44^  per  cent.     In  cool  water  it  swells  up  but  does  not 
dissolve.     It  is  coloured  blue  by  iodine,  and  is  precipitated  by  a\q(h 

hoi.  It  appears  to  be  isomeric  with  amidin.  According  to  Herber- 
ger  it  is  poisonous.* 

2156.  Invlin  is  obtained  from  the  roots  of  the  inida  helemum^  Innlin. 
coichicum  Ott^ttmnaZ^,  and  more  abundantly  from  the  dahiia  ptarpwea. 

It  is  a  fine,  white,  tasteles  powder.  It  is  precipitated  from  its  aque- 
ous infusion  by  infusion  of  nut-galls. 

2157.  Idgnin  or  tooody  fibre  constitutes  the  fibrous  structure  of  ^^'■sun- 
vegetable  substances,  and  is  the  most  abundant  principle  in  plants. 

The  difierent  kinds  of  wood  contain  about  96  per  cent,  of  lignin.  It 
is  prepared  by  digesting  the  sewings  of  any  kind  of  wood  succes* 
sively  in  alcohol,  water,  and  dilute  hydrochloric  acid,  until  all  the 
substances  soluble  in  these  menstrua  are  removed. 

2158.  Lignin  has  neither  taste  nor  odour,  undergoes  no  change  by  r'^npertie  f. 
keeping,  and  is  insoluble  in  alcohol,  water,  and  the  dilute  acids.  By 
digestion  in  a  concentrated  solution  of  pure  potassa,  it  is  converted 
according  to  Braconnot  into  a  substance  similar  to  ulmin.     Mixed 

with  strong  sulphuric  acid  it  suffers  decomposition,  and  is  changed 
into  a  matter  resembling  gum  ;  and  on  boiling  the  liquid  for  some 
time  the  mucilage  disappears,  and  a  saccharine  principle  like  the 
sugar  of  grapes  is  generated.  Braconnot  finds  that  several  other 
substances  which  consist  chiefly  of  woody  fibre,  such  as  straw,  bark, 
or  linen,  yield  sugar  by  a  similar  treatment.! 

2159.  Xyloidin  is  a  substance  obtained  by  the  action  of  con-  Xyloidin. 
centrated  nitric  acid  on  starch,  lignin  and  some  other  substances. 
When  the  acid  of  density  1.5  is  added  to  starch,  a  solution  is  ob- 
tained, which   if  treated    immediately  with   water,  deposits    the 
xyloidin. 

Xyloidin  is  a  compound  of  nitric  acid  and  starch,  an  atom  of 
water  in  common  starch  being  replaced  by  an  atom  of  nitric  acid.t 
It  is  very  combustible.^ 

2160.  The  exudations  from  various  trees  and  plants  which  have  Divlsioii 
been  called  gums,  may  be  arranged  under  three  genera,  viz.  arMn^  OamM 
bassorin  and  cemsin. 

2161.  The  term  Arabin  was  applied  by  Chevreul  to  gum  arabic,  Arabia. 

■  --■■—•■  / 

*  Jour,  de  Pharm,  xnL  229, 

t  Ann  de  Chim*  et  de  Pkye,  zii.    For  other  prinoiplet  of  this  divition  tee  T.  Oiy. 
Bodiee, 

t  Pehuxe,  f  See  Jowr,  qf  the  Frank,  tnMHt.  zziv.  1 19. 
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ciBn>.fX.  which  consists  almost  enlirely  of  arabin.  6am  arable  comes  from 
the  Levant  but  its  use  han  been  in  a  great  measure  superseded  in 
G.  Britain  by  gum  Senegal.  It  is  in  small  rounded  drops  or  tears, 
sp.  gr.  is  1.355.    It  is  composed  of 

Arebin 79.4 

Ashes 3.0 

Water 17.6 

^100 

Properties.      2162.     Arabin  is  colourless,  tasteless,   inodorous,  and  Iranapa* 
rent,  frial^e  when  dry,  tough  when  moist.    It  softens  at  a  tempera- 
ture between  282°  and  392°  and  may  be  drawn  out  into  threads.    It 
18  insoluble  in  alcohol.    With  water  it  forms  mucUagt* 
Uses.  It  is  viscid  and  glutinous,  and  is  used  by  calico-printers  to  thicken 

their  colours  and  mordants  to  prevent  their  spreading  ou  the  cloth. 
It  may  be  kept  for  years  without  much  change,  bat  finally  becomes 
acid. 
Action  of        2163.  Boiled  with  sulphuric  acid  it  is  converted  into  sugar,  bat 
raiplmric    which  differs  from  starch  sugar  in  not  fermenting  with  yeast.    With 
'^'  nitric  acid  it  yields  mucic  and  oxalic  acids.     Its  atomic  compoeitioa 

is  the  same  as  that  of  sugar  in  crystals. 

2164.  The  principal  varieties  of  gum  consisting  altogether  or 
chiefly  of  arabin,  are  gum  arable,  gum  Senegal  and  mucilage  of 
lintseed. 
Bassorin.        2165.  Bassorin  was  first  noticed  by  Vaaquelin  in  a  gum  from 
Bassora.     When  this  gum  is  treated  with  water,  the  bassorin  re- 
mains in  a  gelatinous  form*     It  has  since  been  found  in  gum  traga- 
eanth  and  cherry-tree  gum.     It  is  solid,  colourless,  insipid  and  ino* 
dorous ;  insoluble  in  water,  but  swells  up  and  becomes  a  jellv-     It 
is  insoluble  in  alcohol.      By  the  action  of  nitric  acid  mucic  and 
oxalic  acids  are  formed.     With  sulphuric  acid  it  forms  a  crystalliza- 
ble  sugar. 
Certsin.         2166.  Cerarin  is  the  name  given  to  a  substance  in  cherry-tree 
gum  which  remains  undissolved  when  that  gum  is  treated  with  cold 
water.     It  is  isomeric  with  arabin.     It  is  solid,  insipid  and  inodo- 
rous ;  insoluble  in  alcohol,  swells  in  cold  water,'  but  does  not  dis* 
solve.     When  boiled  in  water  it  is  converted  into  arabin.* 
Difision         2167.    Gluten  may  be  obtained  from  wheat-flour,  by  forming  it 
Glatiiioas    ^"^^  ^  paste  and  washing  it  under  a  small  stream  of  water.     The 
sabstanees.  Starch  is  thus  washed  away,  and  a  tough  elastic  substance  remains, 

which  is  gluten. 
p^^^^^^^  Its  colour  is  gray,  and,  when  dried*  it  becomes  brown  and  brittle. 
It  is  nearly  insoluble  in  water  and  in  ether.  When  allowed  to 
putrefy  it  exhales  an  oflensive  odour,  and  when  submitted  to  de- 
structive distillation,  it  furnishes  ammonia,  a  circumstance  in  which 
it  resembles  animal  products.  Most  of  the  acids  and  the  alkalies 
dissolve  it. 

Gluten  has  been  resolved  by  modern  chemists  into  four  distmct 
principles,  viz.  aJbumen,  emulsiny  mudfi,  and  glutiru 
AUhumii.       2168.  AJhumen,   When  fresh  gluten  is  digested  in  hot  alcohol  till 
every  thing  soluble  is  taken  ap»  a  bulky  substance  of  a  grayish 

*  CalendutUn  is  obtained  from  the  flower  of  the  eaUndula  q/^UmoHt^  or  MarygDM. 
SapoRm  wasdisooveredintherootof  tbe  ^.    - 


cokmr  remains,  which  constitutes  what  has  been  called  vegetable  8<ct.  iv^ 
aBnimen.    It  is  soluble  in  water ;  but  coagulates  when  heated.    It 
is  insoluble  in  alcohol  and  ether.    When  dry  it  is  opaque.     It  is  pre- 
cipitated from  acid  solutions,  by  carbonate  of  ammonia. 

2169.  EmuUin  is  the  name  given  to  a  peculiar  substance  which  . 
exists  iu  almonds,  and  which   has  the  property  of  decomposing 
amygdalin,  and  of  forming  hydrocyanic  acid  and  volatile  oil  of  bit- 
ter almonds. 

2170.  Mucin  is  obtained  when  alcohol  is  boiled  upon  the  gluten  ^   . 
of  wheat    It  dries  into  transparent  grains,  burns  like  animal  mat-    °^"* 
ter;  is  more  soluble  in  water  than  gluten,  and  constitutes  about  4 

per  cent,  of  the  gluten  of  wheat  flour.  100  parts  of  hot  water  dis- 
solve 4  parts  of  mucin,  and  the  solution  soon  putrefies. 

2171.  The  aqueous  solution  of  mucin  is  precipitated  by  infusion 
of  nutgalls,  slightly  by  alcohol.  When  made  into  a  paste  with 
starch  and  kept  for  10  hours  at  145°  it  converts  the  starch  into 
sugar  and  dextrine. 

2172.  Glutin  may  be  obtained  by  boiling  alcohol  upon  the  gluten  Giatin  ob< 
of  wheat  and  freeing  the  solution  from  mucin  by  repeated  precipita-  tained. 
tions.     On  evaporating  the  alcohol  the  glutin  is  left  as  a  yellowish 
translucent  matter. 

2173.  Glutin  is  almost  insoluble  in  water,  but  soluble  in  alcohol,  Chenctert. 
ether,  dilute  acids  and  caustic  alkaline  leys.     It  is  precipitated  by 
infusion  of  nutgalls.* 

2174.  Caoutchouc,  elastic  gum  or  Indian  rubber,  is  the  concrete 
juice  of  the  Hasvea  caoutchouc  and  latropa  elastica^  natives  of  South  ^1^^ 
America,  and   of  the   Ficus  Ihdica  and   Artocarpus  tntegrifolia,  Caont- 
which  grow  in  the  East  Indies.    It  is  a  soft  yielding  solid,  of  a  chouc. 
whitish  colour  when  not  blackened  by  smoke,  possesses  considera* 

ble  tenacity,  and  is  particularly  remarkable  for  its  elasticity.!  It  is 
inflammable,  and  burns  with  a  bright  flame.  It  is  insoluble  in  water 
and  alcohc^ ;  but  it  dissolves,  though  with  some  difliculty,  in  pure 
ether.  It  is  very  sparingly  dissolved  by  the  alkalies,  but  its  elasti- 
city is  destroyed  by  their  action.  By  the  sulphuric  and  nitric  acids 
it  is  decomposed,  the  former  causing  deposition  of  charcoal,  and  the 
latter  formation  of  oxalic  acid. 

2175.  Caoutchouc  is  soluble  in  the  essential  oils,  spirits  of  turpen- 
tine, ether,  naphtha,  cajeput  oil*  and  in  the  volatile  liquid  obtained 
by  distilling  caoutchouc;  and  from  all  these  solvents,  except  the 
essential  oils,  it  is  left  on  evaporation  without  loss  of  its  elasticity. 

*  Zeinis  the  name  given  by  Gorluun  i/ovr.  qf  Saen.  xi.  906.)  to  the  gluten  of  zea  z«in. 
ifuiia  or  Indian  com.    According  to  Gorham  it  contains  no  nitrogen  and  yields  no 
aounonia  when  distilled  j  but  Bizio  affirms  that  he  obtained  ammonia  from  it. 

Ftfctit  is  obtained  from  bird-lime^  which  is  prepared  from  the  middle  bark  of  the  yiMia. 
holhr  boiled  in  water  and  deposited  m  pits  till  it  becomes  viscous. 

PoUenin  is  a  peculiar  substance  found  in  the  pollen  of  the  pinus  abieij  lycopotUvm  P6DMi& 
daBcUum^  &c. 

Legumin  is  contained  in  the  cotyledons  of  the  seeds  of  papilionaceous  plants.  Lagniia- 

AmygdUdin  exists  in  the  bitter  almond.  laTftetia. 

Glairin  is  the  name  applied  to  a  substance  obsenred  in  the  sulphureous  waters  of  autiria. 
some  springs.    It  geiatinixes  by  conoentretion.    Decomposed  it  yields  ammonia.    It 
is  probably  of  Tegetable  origin. 

t  For  some  curious  experiments  on  the  oonneotion  between  the  temperature  of 
caoutchouc  and  its  elasticity  see  T.  Org.  JBodi^,  99S,  and  Motnch/uter  MtmM%  ii. 
«d      • 
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obap»  JX  Before  actaally  disaolTing,  the  ckoatchouc  swells  up  remarkably, 
and  acquires  a  sof\  gelatinous  aspect  and  consistency  ;  in  this  state 
it  is  used  for  rendering  cloth  and  leather  impervious  to  water,  and, 
as  suggested  by  Mitchell,  may  be  cut  with  a  wet  knife  into  thin 
sheets  or  bottles,  and  be  extended  to  a  great  size.* 

Prapantioo     In  preparing  caoutchouc  for  the'  action  of  spirits  of  turpentine, 

^1^1^'  ammonia  is  now  used  with  advantage.  The  caoutchouc  is  cut  ioto 
shreds,  covered  with  caustic  ammonia,  and  left  in  this  state  several 
months  ;  it  becomes  soft,  swells,  but  is  still  elastic.  It  is  then  treat- 
ed with  spirits  of  turpentine,  and  by  agitation  converted  into  aa 
emulsion ;  in  a  short  time  it  swims  on  the  surface,  and  may  be 
removed.  A  much  smaller  quantity  of  turpentine  is  required  when 
the  caoutchouc  has  been  thus  softened. 
of  2176.  When  caoutchouc  is  cautiously  heated,  it  fuses  without  de- 
composition ;  but  at  a  higher  temperature  it  is  resolved  into  a  volatile 
liquid  of  a  brown  colour,  which  amounts  to  ^ths  of  the  original 
caoutchouc.  When  carefully  rectified,  a  very  volatile  liquid  of  sp. 
gr.  0.64  is  obtained,  which  is  vbtj  combustible  and  burns  with  a 
bright  flame,  mingles  with  alcohol,  and  dissolves  copal  and  other 
resins.  It  is  verv  useful  as  a  solvent  for  caoutchouc  and  for  the  pre- 
paration of  varnishes. 

Ums.  2177.  Caoutchouc|in  thin  sheets  is  exceeding  useful  in  the  labo- 

ratory, for  joining  glass  tubes,  kc,  so  as  to  make  an  air  tight  joint 
and  at  the  same  time  preserve  flexibility. 

2178.  The  milky  juice  carried  from  South  America  was  found  by 
Faraday  to  be  composed  of 

Water, 66.37 

Caoutchouc 31.70 

Albumen IJOt 

Waz,a  trace 

An  azotic  body 7.13 

Gummy  body  2.90 

100 

Hia  analyeif  of  caoutchouc  gave 

Carbon, 87J2 

Hydrogen, 13.8 

Thomson  thinks  it  compoeed  of  an  equal  number  of  atoms  of  carbon  and 
hydrogen. 

PiodactB  of     2179.  By  distillation  at  a  low  temperature  and  exposing  the  pro- 

dtstillatioa.  ^^.^8  to  a  freezing  mixture,  several  diflerent  liquids  have   been 

obtained  from  caoutchouc. t     These  are  Evjnon^  a  limpid  liquid  that 

boils  at  124^ ;  Caoutchene  an  oily  substance  ;  Heevene  which  remains 


*  Soak  the  common  ba^  in  snlphuric  ether,  sp.  gr.  0.753,  at  a  temperature  not  less 


by  mouth  or  bellows  the  inSatioo.  If  the  bag  be  unequal  in  thickness,  restrain  by  the 
hand  the  bulging  of  the  thinner  parts,  until  the  thicker  have  been  mane  to  giTe  way  a 
little.  When  the  hag  has  become  by  such  meaus  nearly  uoiform.  inflate  a  Rttle  more, 
shake  up  the  iDcluded  starch,  and  let  the  bag  collapse.  Repeattne  inflations  antil  the 
bag  IS  sufficiently  distended. 

t  FVom  noent  experiments  Ura  infen  that  albumen  is  not  a  neosssary  oonstitacnt  of 
the  juice.    See  his  new  experiments  in  PhHo9,  Mag;  July  1839. 

t  Bouchardt,  Jour,  de  Pkarm>  xxiii.  464. 

f  Ftom  the  Greek  bv  well  and  ntmr  fatty. 


after  the  Tolatile  oils  are  distilled  off ;  it  is  an  acid  liquid  boiling  at   stet,  iv. 
600^  and  burning  like    the   volatile  oils ;  and   carburet  of  ky» 
drogen. 

2180.  Extractive.  Most  plants  yield  to  water  a  substance  differing  Di^uion 
from  any  proximate  principles  of  vegetables,  which  constitutes  apart  9th. 

of  what  iscalledanexifrac^in  pharmacy,  and  which  has  been  express-  E««»««it«. 
ed  by  the  term  extractive.    It  is  always  mixed  with  other  princi- 
ples and  there  is  no  proof  that  it  is  identical  in  different  plants. 
Berzelius  distinguishes  it  by  the  name  of  apotheme  (deposite). 

2181.  Many  vegetable  substances  have  an  intensely  bitter  taste,  dj^^^q 
and  on  that  account  are  employed  in  medicine,  by  brewers,  &c.  iqtb. 
There  appears  to  be  a  great  variety  of  bitter  principles,  many  of  BUt«r  prin- 
whicb  have  received  distinct  names  derived  from  the  name  of  the  ^l*'^* 
vegetable,  as  quassite  from  Quassia,  gentianite  from  gentian,  •olo' 
eynthite  from  colocynth,  &c. 

2182.  Products  of  the  destructive  distiUatum  of  vegetable  sui-pmnon 
etartces.     Some  of  these  are  found  in  matters  existing  on  the  earth  ;'J"^- 

but  it  is  probable  that  they  h*ave  been  formed  originally  by  the  destructive 
destructive  distillation  of  vegetables  or  trees,  in  some  great  processes  diatiliatioD. 
of  nature. 

2183.  Naphtha.  This  liquid  exudes  from  the  earth  in  Persia  and  Naphtha, 
some  other  countries ;  and  is  obtained  by  distilling  petroleum  and 
asphaltum,  and  by  rectifying  coal  tar.  Naphtha  is  limpid,  and  colour- 
less, like  water ;  it  has  a  bituminous  odour,  a  sp.  gr^  of  0.817  and  pi^p^nj^ 
burns  with  much  flame  and  smoke. 

2184.  It  is  insoluble  in  water,  but  soluble  in  alcohol.  It  softens 
caoutchouc  which  swells  in  it  to  more  than  30  times  its  original  bulk 
and  becomes  gelatinous  and  transparent :  by  long  boiling  a  solution 
is  effected.  ^ 

^185.  Petroleum  is  less  limpid  than  naphtha,  and  unctuous  to  the  petioteom. 
touch.     Asphaltum  is  a  solid,  brittle  bitumen  of  a  black  colour,  and  Asphaltum. 
vitreous  lustre.     It  is  soluble  in  about  5  times  its  weight  of  naphtha, 
and  the  solution  forms  a  good  varnish.     It  is  found  on  the  surface 
and  on  the  banks  of  the  Dead  Sea,  and  in  large  quantities  in  Barba- 
does  and  Trinidad. 

2186.  Among  the  products  of  the  destructive  distillation  of  vege-  •i^r  from 
table  and  animal  substances  is  a  black  inflammable  liquid  called  tar,  coal. 

A  large  quantity  is  formed  during  the  distillation  of  wood  and  the 
preparation  of  coal  gas.  This  tar  has  been  found  to  contain  several 
new  principles  paraffin^  eupion,  creosote,  picamar,  capTiomor  and 
pittacal. 

2187.  Paraffin  is  obtained  most  abundantly  from  the  tar  of  the  ParafBo. 
beech  tree.     It  is  a  transparent  and  crystalline  substance,  of  a  white 
colour,  and  destitute  of  taste  and  smell.     It  melts  at  110°  into  a 
colourless  oil :  at  a  higher  temperature  it  boils  and  may  be  distilled. 

Its  sp.  gr.  is  0.870. 

2188.  It  has  very  little  tendency  to  combine  with  other  bodies ; 
hence  its  name  paraffin  (parum  affinis.)    Ether  is  its  best  solvent. 

2189.  Eupionis  obtained  by  distilling  the  tar  which  is  procured  by  Enpioii. 
decomposing  animal  matter  in  the  dry  way.    It  may  also  be  obtained 

from  vegetable  and  coal  tar ;  or  much  purer  from  rapeseed  oil.  The 
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chN>»"g'  oil  k  distilled  ia  an  iron  retort  with  a  moderato  fire»  so  tliat  tke  oil 
may  not  pass  oTor.* 

Propeitiei.  2190.  it  is  a  colourless  liquid,  which  does  not  become  solid  though 
cooled  down  to  -^**.  It  is  tasteless  but  smells  like  blossoms.  It 
boils  at  116^^.  Its  sp.  gr.  is  0.665.  Absolute  alcohol  dissolves  it* 
Naphthaline,  camphor,  tallowi  and  many  other  substances  dissolve  in 
eupion  ;  caoutchouc  swells  enormously  in  it,  and  on  boiling  is  dis- 
solved. 

CraoMCe.  2191.  Creosote  was  discovered  bv  Reichenbach  in  1832.  Ic  exists 
in  impure  pyroligneous  acid,  but  is  best  prepared  from  those  portions 
of  the  oil  ddstilled  from  wood-tar  which  are  heavier  than  water. 
The  oil  is  first  freed  from  adhering  acetic  acid  by  carbonate  of  po- 
tassa,  and,  after  separation  from  the  acetate,  is  distilled. '  A  little 
phosphoric  acid  is  mixed  with  the  product  to  neutralise  ammonia, 
and  another  distillation  resorted  to.  It  is  next  mixed  with  a  strong 
solution  of  potasssf  which  combines  with  creosote,  allows  any  eupi- 
on which  may  be  present  to  collect  on  its  surface,  and  by  digestion 
decomposes  other  organic  matter: 'the  alkaline  solution  is  then 
neutralized  by  sulphuric  acid,  and  the  oil  which  separates  is  collect- 
ed and  distilled.  For  the  complete  purification  of  the  creosote,  this 
treatment  with  potassa,  followed  by  neutralization  and  distillation, 
requires  to  be  frequently  repeated. 

Pioperdet.  2192.  Creosote  is  a  colourless  transparent  liquid  of  an  oilycon* 
sistence,  which  retains  its  fluidity  at  — 17^  has  a  sp.  gr.  of  1.037  at 
68**,  boils  at  397**,  is  a  non-conductor  of  electricity,  and  refracts 
light  powerfully.  It  has  a  burning  taste  followed  by  sweetness,  and 
its  odour  is  like  that  of  wood-smoke  or  rather  of  smoked  meat.  It 
is  highly  antiseptic  to  meat :  the  antiseptic  virtue  of  tar,  smokei  and 
crude  pyroligneous  acid  seems  owing  to  the  presence  of  creosote. 
Its  name,  from  if^^Jlesh,  and  ovQw  J  save,  was  suggested  by  this 
property. 

SolabiUty,       2193.  Creosote  requires  about  80  parts  of  water  for  sdution,  and 

^^'  is  soluble  in  every  proportion  in  alcohol,  ether,  sulphuret  of  carbon, 

eupion,  and  naphtha.  It  has  neither  an  acid  nor  alkaline  reaclioa 
with  test  paper,  but  combines  both  with  acids  and  alkalies.  With 
potassa,  soda,  lime,  and  baryta  it  forms  compounds  soluble  in  water  ; 
but  the  creosote  is  separated  even  by  feeble  acids.  Of  the  acids,  it 
unites  most  readily  with  the  acetic  dissolving  in  every  proportion : 
by  strong  nitric  and  sulphuric  acid  it  is  decomposed.  Creosote  unite* 
also  with  chlorine,  iodine,  bromine,  sulphur,  and  phosphorus. 

CoagnlatM      2194.  Creosote  acts  powerfully  in  coagulating  albumen,  this  elSsct 

•IbiuMB.  being  produced  by  a  solution  of  one  drop  in  a  large  quantity  of  water. 
It  acts  with  energy  on  living  beings.  Insects  and  fish  thrown  into 
the  aqueous  solution  of  creosote  are  killed,  and  plants  die  when 
watered  with  it.  It  appears  useful  in  medicine  ;  it  is  said  to  be  very 
efiScacious  as  a  topical  application  in  tooth  ache,  ulcers,  and  cutaneous 
diseases ;  and  it  probably  admits  of  many  other  applicati(»is. 

Creosote  is  a  compound  of  carbon,  hydrogen,  and  oxygen  ;  the 
ratio  of  iu  elements  is  CsHslO.t  T. 

*  For  details  of  the  process  see  T.  Orfi^,  Bodies,  726. 

fAmpeHn  was  prepared  by  Laareat  from  the  oil  of  bitominoas  slate,  which  boils  at 
SW  and  636.0  (Ann.  de  Ckim,  et  de  Phy9.  zIt.  SSS.)  It  is  an  oily  iookiiig  liquid 
solable  in  water. 
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219ff.  Pieamar*  This  substance  is  the  bitter  principle  of  tar,  8eet.iv. 
whence  it  derives  its  name  {in  pice  amarum,)  It  is  present  in  the  picaaur. 
heaviest  portions  of  the  rectified  oil  of  tar,  and  when  these  are  treat- 
ed by  potassa,  a  crystalline  compound  of  the  alkali  and  picamar 
is  formed :  this  compound,  when  purified  by  repeated  solution  in 
water  and  crystallization,  is  decomposed  by  phosphoric  acid,  and  the 
picamar  separated  by  distillation. 

9196.  Picamar  is  an  oily  colourless  liquid,  of  a  peculiar  odour  and  Properti«i. 
Tery  bitter  taste.  Its  sp.  gr.  is  1.100,  and  it  boils  at  54«r,  being  con- 
siderably less  volatile  tnan  creosote.  It  is  insoluble  in  eupion  and 
sparingly  soluble  in  water ;  but  it  dissolves  without  limit  in  alcohol 
and  ether.  It  has  no  action  on  test  paper  ;  but  it  unites  with  potassa 
as  above  mentioned,  and  strong  sulphuric  acid  dissolves  it  without 
decomposition.  From  its  permanence  in  the  air,  its  fixity  when 
heated,  and  its  oily  nature,  it  is  well  adapted  for  greasing  machinery 
and  protecting  it  from  rust. 

2197.  Piitaeal.   When  the  heavy  oil  of  tar  is  digested  with  a  so-  pitiaMl. 
lution  of  baryta,  a  fine  blue  colour  appears,  which  is  due  to  pittacal, 

from  nnta  pitchy  and  wiUcg  ornament*  It  is  a  solid  of  a  beautiful 
blue  colour,  which  admits  of  being  fixed  as  a  dye.  It  is  very  perma- 
nent, contains  nitrogen  as  one  of  its  elements,  and  appears  to  belong 
to  the  same  class  of  bodies  as  indigo. 

2198.  Capnomor.    This  substance  occurs  along  with  creosote,  pi-  Capoamor. 
camar,  and  pittacal  in  the  heavy  oil  of  tar.     On  digesting  that  oil 

with  solution  of  potassa,  the  three  latter  principles  are  dissolved,  and 
the  capnomor  collects  on  the  surface,  combined  with  a  little  eupion. 
The  capnomor  is  then  dissolved  by  sulphuric  acid,  in  which  eupion 
is  insoluble ;  and  from  the  solution,  on  being  neutralized  with  carbo- 
nate of  potassa,  capnomor  separates,  and  is  purified  by  distillation. 
Its  name  is  derived  from  manvot  smoke,  and  fui^  part,  because  it  is 
one  of  the  ingredients  of  smoke. 

2199.  Capnomor  is  a  colourless  transparent  liouid,  of  a  pungent  prop^rtias. 
taste  and  rather  pleasant  odour,  has  a  sp.  gr.  of  0.975,  and  refracts 

light  almost  as  powerfully  as  creosote.  It  boils  at  365°.  It  is  inso- 
luble in  water  and  solution  of  potassa,  and  is  soluble  in  alcohol,  ether, 
and  eupion.  It  has  the  property  of  dissolving  caoutchouc,  espe- 
cially when  heated,  and  is  the  only  ingredient  of  tar  which  does  so  : 
its  presence  in  coal  naphtha  is  the  cause  of  the  solvent  action  of  that 
liquid  on  caoutchouc.  The  composition  of  capnomor  has  not  been 
ascertained,  though  doubtless  carbon  and  hydrogen  are  its  principal 
ingredients,  t.  s.  From  its  being  decomposed  by  nitric  acid  Thomson 
is  inclined  to  suspect  that  it  contains  oxygen. 

2200.  Cedrirei  has  been  still  more  recently  obtained  by  Reichen-  Cadiint. 
bach  from  the  rectified  oil  of  the  tar  of  beech  wood.     It  strikes  a  red 
colour  with  persulphate  of  iron,  and  all  substances  that  easily  part 

with  oxygen  ;  even  the  oxygen  of  the  air  renders  the  liquid  red.  It 
forms  red  crystals  which  lie  upon  the  fitter,  entangled  in  each  other 
like  a  net,  hence  the  name  from  cedrium  an  old  name  for  the  sour 
water  of  far  burners,  and  rete  a  neL 

2201 .  Nopkihaline,  C10H4  =  64  eq.  This  substance  was  discovered  NaphUia- 
in  1819  in  one  of  the  condensing  vessels  erected  in  London  for  the  lin«* 
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cii»p.ix.  distillatioD  of  coal  tar.*    It  was  named  from  its  connexion  with  coal 

naphtha. 

Obtained.        2202.  When  coal  is  heated  in  iron  retorts,  for  the  preparation  of 

coal  gas,  much  brown  semi-fluid  matter  is  obtained  called  coal  tar. 

It  is  from  this  tar  that  coal  naphtha  and  naphthaline  are  procured. 

To  obtain  the  latter  the  tar  is.distilled. 

Tbe  first  fourth  that  comeB  orer  is  partly  naphtha,  with  water  holding  ammo- 
nia and  naphthaline  in  solution.  The  next  fourth  part  is  a  dense  oil  mixed  vrith 
naphthaline,  the  latter  increases  in  quantity  as  the  distillation  proceeds.  From 
the  last  portions  distilled  the  naphthaline  crystallizes  and  may  be  freed  firom  the 
oil  by  pressure  between  folds  of  blotting  paper  and  then  subliming  at  a  gentia 
heat.t 

Properties.      2203.  Naphthaline  is  white  and  of  a  pearly  lustre.     Its  smell  is 
aromatici  its  taste  pungent     It  evaporates  spontaneously.     It  melts 
at  174°  and  boils  at  ilO'^.t     With  sulphuric  acid  it  forms  sulpko- 
Tiaphihalic  acid. 
Action  of        2204.  Chlorine  and  bromine  act  with  violence  on  naphthaline* 
chloriiM.     heat  is  disengaged  and  hydrochloric  and  hydrobromic  acids  are 
formed.     It  is  composed  of  10  atoms  carbon  and  4  hydrogen  =  65.2. 
2205.  When  nitric  acid  and  naphthaline  are  left  in  contact  at  com- 
mon temperatures  no  action  takes  place.     But  if  the  acid  is  boiled, 
red  vapours  are  emitted  and  an  oily  layer  collects  on  the  sur&ce, 
Ni^aph-  which  affords  two  products  :  one  solid,  which  is  mtroTiophthaletef  the 
other  a  liquid  separable  by  bibulous  paper. 

Another  substance  obtained  from  coal  tar  is  paranaphtkalifUt  so 
named  by  Dumas  from  its  composition  being  the  same  as  that  of 
naphthaline^^ 
In  oil  and  2206.  In  the  coal  and  oil  gases  prepared  for  ordinary  combustion, 
coal  gases,  small  portions  of  several  of  tbe  foregoing  substtmces  are  believed  to 
be  present^  communicating  their  peculiar  properties  and  improving 
the  brilliancy  of  the  light. 

Coal  gas  l^be  distillation  of  coal  is  conducted  in  oblong  cast-iron  cylinders,  or  retorts, 
obtained,  which  are  ranged  in  furnaces  to  keep  them  at  a  red  heat,  and  all  tbe  Tolatile 
products  are  conveyed  by  a  common  tube  into  a  condensing  vusti,  kept  cold  by 
immersion  in  water ;  and  in  which  the  water,  tar,  ammooiacal,  and  other  con- 
densable vapoure,  are  retained ;  the  caseous  products  consist  principally  of  carbu- 
retted  hydrogen,  hydrosulphuri(f  acid  gas,  carbonic  oxide  and  acid ;  these  are 
passed  through  a  mixture  of  quicklime  and  water  in  vessels  called  vuri^a^  hj 
which  the  hydrosulpburic  acid  and  carbonic  gases  are  absorbed,  and  tne  carbaiBt- 
ted  hydroffen  and  hydrogen  gases,' transmittedsufficiently  pure  for  use  in  to  ga9^ 
emUrSy  whence  the  pipes  issue  £br  the  supply  of  streets,  houses,  dec.  The  coke 
remaining  in  the  retorts  is  of  a  very  good  quality.|| 

*Ann,  Phiioa.  zv.  74,  vi.  N.  S.  136,  and  PhU,  TVoiu.  1821, 200. 

t  Reichenbach  has  endeaTonred  to  prove  that  naphthaline  does  not  exist  ready 
formed  in  coal-tar,  bat  that  it  is  formed  when  the  oil  existing  in  this  tar  is  exposed  to 
a  high  temperature,  but  this  was  not  confirmed  by  the  experiments  of  Laurent,  for 
which  see  T.  Org:  Bodie»^  738.  t418|®,  Damas. 

ff   hiXAM  % Naphikatic  AeUL   CioH20^.   This  acid  has  great  resemblance  to  benzoic;  it  is 

2Si.  white,  when  pure,  and  crystallizes  in  long  feathery  crystals.    It  melu  at  219<>  and 

may  be  volatilized  without  decomposition.  Its  fumes  readily  take  fire.  It  has  no 
smell,  and  a  weak  taste.  While  dry  it  does  not  afiect  litmus  paper,  but  reddens  it 
if  moistened.  It  combines  with  bases  and  forms  napkUtalatea,  The  greater  number 
of  these  when  heated  elongate  to  a  great  extent  under  the  form  of  a  black  glass,  at- 
tended with  the  disengasement  of  a  peculiar  crystallizable  natter. 

This  acid  belongs  to  the  volaUle  cumU  of  Thomson  {Org,  BocUett  27)  to  whose  de- 
seription  the  reader  is  referred  for  details  and  for  an  account  of  its  oomponoda. 

II  For  a  full  aooount  of  the  prooess,  see  Ure*s  Did,  Artt  and  Manx^f,  646. 
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2207.  The  t)est  kind  of  coal  for  distillation  is  that  which  contains  sect,  iv, 
most  bitumen  and  least  sulphur ;  112  pounds  of  good  coal  are  capa- 
ble of  yielding  from  450  to  500  cubic  feet  of  gas  of  such  quality,  that 
half  a  cubic  foot  per  hour  is  equivalent  to  a  mould  candle  of  six  to 
the  pound,  burning  the  same  space  of  time.  H.  The  sp.  gr.  of  the  gas 
varies,  the  mean  as  given  by  Ure  is  0.529  and  that  of  oil  gas 
0.96.* 

2206.  The  apparatus  Tor  the  conversion  of  oil  into  gas  consists  of  Oilgst. 
a  furnace  with  a  contorted  iron  tube  containing  fragments  of  bricks  or 
coke,  passing  through  it,  into  which,when  red-hot,  the  oil  is  suffered  to 
drop;  it  is  decomposed,  and  converted  almost  entirely  into  charcoal, 
which  is  deposited  in  the  tube,  and  into  a  mixture  of  carburetted  hy- 
drogen, and  hydrogen  gases,  of  which  one  volume  may  be  regarded 
as  equivalent  to  two  of  coal-gas,  for  the  production  of  light.t 

The  commonest  whale  oil,  quite  unfit  for  burning  in  the  usual 
way,  affords  abundance  of  excellent  gas,  requiring  no  other  purifica- 
tion than  passing  through  a  refrigerator  to  free  it  from  a  quantity  of 
empyreumatic  vapour.  A  gallon  of  whale-oil  affords  about  100  cubi- 
cal feet  of  gas. 

2209.  Lamp-hlack  is  prepared  from  the  refuse  of  resin  collected  in  *^ 
the  distillation  of  oil  of  turpentine.     It  is  a  fine  black  powder^  ex-  bladi 
ceedingly  light.     The  soot  wnich  collects  in  chimneys  where  coal  or 
wood  is  burnt  differs  from  lamp-black.     When  boiled  with  water  a 
matter  is  deposited  of  the  appearance  of  pitch ;  alcohol  and  ether  re- 
move a  portion  of  an  exceedingly  acrid  and  bitter  taste,  which  Bra- 
connot  has  called  asbolin^  from  aaMiti  soot;  it  is  fluid  and  not  * 
volatile. 

2210.  Animal  charcoal,  though  derived  from  the  animal  kingdom,  ADimal 
is  supposed  to  owe  its  most  important  properties  to  the  charcoal  chuooal. 
which  it  contains.     It  is  known  as  ivory  block  and  is  prepared  from 

■  -    -  ■    - 

*  The  illmDioatinir  power  of  difierent  gues  burned  in  the  same  circumstances,  is  iiiamiBatiac 
proportional,  generally  speaking,  to  their  sp.  gr.  as  this  is  to  the  quantity  of  carbon  pov«r«r  eM> 
they  conuin.    A  mould  tallow  candle  of  6  m  the  poiind,  burning  for  an  hour,  is  equi-  «••  udiunp*. 
valent  to  half  a  cubic  foot  of  ordinary  coal  gas,  and  to  four  tenths  of  a  foot  of  good  gas. 
The  flame  of  the  best  Argaod  lamp  of  Caroel,  in  which  a  steady  supply  of  oilis  main- 
tained by  pump- work,  consuming  649  grains  in  an  hour,  and  equal  to  9.38  such  candles, 
is  equiTaleat  to  3.75  cubic  feet  of  coal  gas  per  hour.    A  common  Argand  lamp,  equal 
to  4  candles,  consumes  468  grains  per  hour,  and  is  represented  by  1.6  cubic  feet  of 
gas.   Ure. 

t  The  cut  (Fig.  197)  represents  an  apparatus  contrived  bj  me,  Fig.  197. 

and  which  is  very  convenient  for  obtaining  oil  gas,  in  sufficient 

quantity  for  the  exhibition  of  its  popcrties ;  a  is  a  vessel  of  cast       ^  /  ^o^ 

iron  about  1 6  inches  in  depth,  and  6  in  diameter  at  its  upper  part ; 
having  a  cast  iron  cover,  with  two  openings,  to  the  smallest  of 
which,  a  copper  pipe  leading  from  a  funnel-shaped  oil  Tessel  6,  is 
secured  by  brazing ;  into  the  larger  opening  a  gun-barrel  c  is 
screwed  which  enters  a  small  copper  condensing  vessel  d  fur- 
nished with  a  cock  for  drawing  on  any  oil,  or  condensable  va- 
pours that  may  pass  over.  From  the  upper  part  of  the  condenser 
a  copper  or  lead  pipe  issues,  which  conveys  the  gas  to  the  gaso- 
meter. When  oil  ^s  is  to  be  obtained,  the  vessel  6  is  filled 
with  oil,  and  the  pieces  of  bricks  are  pot  into  the  retort  a,  the 
cover  is  then  secured  by  a  rod  of  iron  passing  through  the  ears 
ee,  and  the  joint  is  made  tight  by  a  mixture  of  about  2  parts  of 
sal  smmoniac,  1  of  sulphur  and  30  of  cast  iron  filings  or  borings, 
made  into  a  paste  with  water.*  This  retort  may  be  plsced  in  any 
convenient  rumace,  and  when  heated  to  ndness  tne  cock/  is  turned  so  as  to  allow 
the  oil  to  pass  drop  by  drop.    Yf. 

^  This  cement  should  be  aUewsd  to  hsCMBs  hard  bslbre  the  apparstas  Is  issd. 


on  f««  tppsTft- 
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Ctopwix.  the  bones  of  anioiftlB  which  are  healed  in  close  Tesseli,  so  as  to  drive 
off  all  the  volatile  matter.  The  earth  of  bones  remains  mixed  with 
charcoal.     Being  reduced  to  powder  it  is  fit  for  use. 

jj^^  2211.  It  is  a  much  more  powerful  discolourizing  principle  than  ve- 

getable charcoal.  It  is  much  employed  in  refining  sugar.  When 
used  to  remove  the  colour  of  liquids,  it  acta  mnch  beUer  if  the  liquid 
be  slightly  acid  or  neutral,  and  at  a  boiling  temperature.  It  appears 
to  act  chemically  upon  the  colouring  matter.* 


Section  V.     Of  the  Parts  of  Plants. 

g^    |.  2212.  It  is  the  general  opinion  that  plants  receive  a 'considerable 

pluts.       pert  of  their  nourishment  by  the  root ;  that  it  enters  them  in  a  liquid 

state,  and  passes  up  in  proper  vessels  towards  the  leaves.    This    , 
liquid  is  distinguished  by  the  name  of  sap.     In  nearly  all  vegetables 

/  it  18  as  liquid  as  water.     It  always  contains  an  acid,  sometimes  free, 

but  more  commonly  combined  with  lime  and  potassa.  Various  ve- 
getable principles  are  also  present;  of  these  sugar  is  the  most 
remarkable,  and  mucilage.  Sometimes  albumen  and  gluten,  and 
tannin  can  be  detected.  When  left  to  itself,  sap  soon  efllervesces  and 
becomes  sour ;  or  even  vinous,  when  the  proportion  of  sugar  is  con- 
siderable. 
2213.  In  its  passage  to  the  leaves  the  sap  is  altered  by  a  process 

Chsngetof,  similar  to  that  of  digestion  in  animals,  and  formed  into  all  the  liquid 
substances  required  for  the  purposes  of  the  plant.  These  liquids 
flow  from  the  leaves  towards  the  root  in  appropriate  vessels,  and 
have  received  the  name  of  the  ptfct^/foryutrf^  of  vegetables.     They 

^J^jJ"  differ  in  different  plants.  They  always  contain  much  more  vegeta- 
ble matter  than  the  sap.  Sometimes  they  exude  spontaneously  and 
may  always  be  procured  by  incisions  through  the  bark. 

Oomrvsin       *2l^'   x he  milky  juices  concrete  into  a  solid  matter  which  has 
'  been  called  gum  resin.     Several  of  the  gum  resins  are  employed  ia 
medicine  ;  the  most  important  of  which  is  the  juice  of  the  poppy  af- 
fording opium. 

▲ir  in  2215.  In  many  plants  the  stem  is  hollow  and  filled  with  air ;  in 

I^ts.  some,  as  the  onion,  it  is  contained  in  the  leaves  ;  it  is  lodged  in  the 
pod  of  the  pea,  and  in  the  leaves  of  some  species  of  fuci.  In  some 
plants  the  proportion  of  oxygen  in  this  air  is  greater  than  in  commoii 
air,t  and  others  contain  more  nitrogen  ;  but  generally  so  far  as  expe- 
riments have  been  made  it  is  common  air  unaltered. 
2216.  The  hark  is  composed  of  three  distinct  portions ;  the  outer- 

^*'^*  most  or  epidermis,  the  parenchyma,  and  that  next  the  wood  the  cor^ 
tical  layers.  The  latter  consist  of  several  thin  membranes,  composed 
of  fibres  forming  a  kind  of  net-work. 

■     ■    I  ■  ■  II. 

*  See  BoBty's  experiments,  T.  Org.  Bodiet^  756,  and  Jour,  de  Pharm,  viii.  2S7. 

There  are  several  sahstances  obtained  from  plants  by  processes  similar  to  those 

Nntni  eom.    employed  for  obtaining  the  regetable  alkalies,  wnicb  have  been  arraoged  together  by 

Sl£  aitt«.    Thomson.    They  are  co^em  from  ooffee,  pipMerin  from  pepper,  dapktdn  from  daphne 

gw.  ^  aipma  and  mezerimnt  jaiappin  from  jalap,  nnoptn  from  mostard,  futperidin  from  Um 

nniipe  orange  and  Umon,  pt^ruUn  and  pkmhagm.    For  details  lee  T.  ^g.  Bod,  757. 

t  Priestley,  iii.  879. 


2217.  The  subfitftnce  known  as  cork  is  the  epidermis  of  the  ^[uercus   fcct.v> 
st^er,  which  contains  a  pecaliar  principle  called  suberin.    Three  Cork, 
different  kinds  of  cinchona  hark  were  early  distinguished,  the  pale, 

red  and  yellow.  The  first  is  the  bark  of  the  cinckima  lancifoUa^  the 
second  of  the  c.  oblongifolia,  and  the  last  of  the  c;  cordifolia,^ 

2218.  The  roots  of  a  great  variety  of  plants  are  employed  in  me«  Boots, 
dicine  and  the  arts.     The  substances  found  in  them  are  various ; 

and  indeed,  as  the  peculiar  juices  of  the  roots  are  always  included  in 
such  examinations,  it  is  clear  that  almost  all  the  vegetable  principles 
will  be  found  in  them.   T. 

2219.  Btdbs  are  composed  of  concentric  coats  like  the  onion,  orBolbt. 
are  imbricated.     Several  of  them  are  used  as  nutritive  articles  of 
food,  and  some  constitute  active  medicines. 

Squill,  the  bulbous  root  of  the  sciUa  maritima,  owes  its  peculiar  Squill, 
properties  to  a  species  of  bitter  principle  which  has  been  called 
sdlitin. 

Potatoes  are  the  bulbs  of  the  selanum  tuberosum,  an  American  Potatoes, 
plant,  said  to  grow  wild  in  Peru  and  Chili.     According  to  Einhof 
potatoes  afibrd 

Starch  -  -  .  .  .  JSt 

Fibrous  matter  *  *  -  -  7 

Albumen      .  .  ,  .  .  1.4 

Mucilage       .....  4 


They  afforded  abo  a  mixture  of  tartaric  and  phosphoric  acidsu 

When  potatoes  are  exposed  to  the  action  of  frost,  they  acquire  a  Action  of 
sweet  taste,  followed  by  an  acid  taste^  owing  to  the  rapid  evolution  of  ^"***  "P^* 
acetic  acid,  and  the  root  soon  putrefies.     The  sugar  is  formed  at  the 
expense  of  tbe  mucilage.     Potatoes  differ  from  wheat  and  barley  by 
containing  no  gluten. 

2220.  Woods,     The  mere  woody  fibres  of  all  plants  are  probably  woodt. 
nearly  the  same,  and  the  differences  are  owing  to  the  various  proper^ 
tions  of  liquids  and  empty  spaces  with  which  the  woody  fibres  are 
intermixed. t     The  vegetable  fibres  in  herbaceous  plants  correspond 

to  tbe  wood  of  trees.      In  some  it  is  flexible  and  tough,  as  in 
hemp,  nettles,  6cx:.^ 

2221.  Cotton  is  a  soft  down  which  envelopes  the  seeds  of  various  Cotton, 
species  of  gossypium.  It  has  a  strong  affinity  for  some  of  the  earths, 
especially  alumina ;  hence  this  substance  is  used  to  fix  colours  on 
cotton  ;  the  cloth  is  steeped  in  a  solution  of  alum  or  acetate  of  alu- 
mina, and  afterwards  dyed.  Several  of  the  metallic  oxides  also 
combine  with  it  readily,  of  which  oxide  of  iron  is  one  of  the  most  re- 
markable. Oxide  of  tin  also  combines  with  it  and  is  used  as  a  mor- 
dant. 

2222.  Cotton  combines  readily  with  tannin  and  forms  a  yellow  or 
brown  compound.  Hence  infusion  of  galls,  and  of  other  astringent 
substances  is  often  used  as  a  mordant  for  cotton. 

*  The  bark  from  which  quioia  is  extracted  in  France,  is  called  quinquina  ocUif^  \ 
but  the  species  of  cinchona  to  which  it  belongs  does  not  seem  yet  accurately  known.  T. 

t  For  table  of  the  quantity  of  starch  from  different  kinds  of  potatoes,  see  T.  Org, 
Bodiea,SAl, 

t Porn tMt  of  thej^itahs (^ thU analytUof  varioafe  woods  see T.  Org.  ^bdHk, U9, 

-f  Pisrhape  the  tbtm  oufht  te  be  eoneideNd  rather  as  the  l£b§r  or  innier  bark. 
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2223.  The  quaatity  of  oxygen  required  for  bvmiog  100  parU  ot 
various  kinds  of  wood  has  beeu  made  the  subjecl  of  ezperimeots 
which  are  important^  as  this  oxygen  is  proportionable  to  the  quan- 
tity of  heat  evolved  by  each. 

100  pafti  of  Tilw  Euiopea,  ttiM  raqoin  .  140.523 

Ulmui  suberosa,  elm     ^  ,  139.408 

Piniui  abiei,  «r  »*  ^       ,  138.377 

(«      lariz,  lardb  •<  ^        .  138.082 

Acer  campe«trii,iiM»I«*'  136.960 

PinuB  picea,  piUk^-pmB  "  «  136.886 

Juglana  regia,  imUiiiK    <«  <,  135.690 

Quercua  robnr,  ooAc        **  .  133  472 

Betala  alba,  6trcA  ««  133.229* 

2224.  Ltaoes,  Senna.  According  to  Lagrange  the  leaves  of  the 
Cauda  senna  are  characterised  by  containing  a  peculiar  extractive 
principle,  cathartina,  which,  by  long  boiling,  passes  into  a  resinous 
substance,  in  consequence  of  absorbing  oxygen  ;  they  also  contain 
a  resin  which  resists  the  action  of  water,  and  is  soluble  in  alcohol ; 
the  whole  of  the  soluble  matter  amounts  to  about  one  third  the  weight 
of  the  senna.t  / 

2225.  Nightshade.  The  leaves  of  the  Atropa  BeUadanna  con- 
tain, according  to  Vauquelin, 

1.  Vesetable  aibamao,  or  glatan. 

2.  A  bitter  Darootic  principla. 

3.  Nitrate,  muriate,  aalphate,  binozalate,  and  aaatate  of  potaaa. 

Brandes  announced  the  existence  of  a  new  vegetable  alkali  in  this 
plant,  which  he  calls  airopia.  It  forms  brilliant  acicular  crystals, 
tasteless,  and  difficultly  soluble  tn  water  and  alcohol. 

2226.  Hemlock,  eonium  macidatum.  This  plant  was  formerly 
called  cicuia;  it  contains  a  peculiar  principle  conicina,  and  its  juice 
in  chemical  composition  has  a  striking  similarity  to  that  of  the  cab- 
bage. 

2227.  Flowers.  The  colouring  matter  of  roost  flowers  is  extremely 
fugitive,  and  is  generally  much  changed  by  mere  exsiccation.  They 
usually  communicate  their  colour  to  water ;  the  infusion  of  blue 
flowers  is  generally  reddened  by  acids,  and  changed  to  green  or  yel- 
low by  alkalies  ;  that  of  yellow  flowers  is  made  paler  by  acids,  and 
alkalies  render  it  brown ;  the  red  infusion  of  many  flowers  is  exalted 
in  tint  by  acids,  and  cUinged  to  purple,  and  in  some  instances,  to 
green,  by  alkalies. 

It  is  probable  that  one  and  the  same  principle  gives  colour  to  seve* 
ral  of  the  blue  and  red  flowers,  but  that  the  presence  of  acid  in  the 
latter  produces  the  red ;  the  petals  of  the  red  rose,  triturated  with  a 
little  carbonate  of  lime  and  water,  give  a  blue  liquor ;  alkalies  render 
it  green,  and  acids  restore  the  red. 

2228.  A  colouring  matter  analogous  to  that  of  the  violet,  exists  ia 
the  petdp  of  red  clover,  in  the  red  tips  of  those  of  the  common  daisy, 
of  the  blue  hyacinth,  the  boUy-hock,  lavender,  in  the  inner  leaves  of 
the  artichoke,  and  in  numerous  other  flowers ;  reddened  by  an  acids 
it  colours  the  skin  of  several  plums,  and  the  petals  of  the  scarlet  ge* 


*  Ann.  de  Phwrm.  xfii.  144. 

tin  tha  Lond,  Mai.  Bern.  vol.  xt«.19S,  ihiafiadi  of  tlM  varsana  le-agaDts  wm.  in- 
ftision  of  aauia  ara  datailad  by  Batley. 


nniam  and  pome^fnnate.  Some  flowers  which  are  red,  become  ^^^  ▼» 
Uae  by  merely  bruisiog  them ;  this  is  also  the  case  with  the  coloar* 
ing  matter  of  red  cabbaige  leaves,  and  of  the  rind  of  the  long  radish. 
Smithson  has  saggesied  that  the  reddening  acid  is  in  these  cases  the 
carbonic,  which  escapes  on  the  ruptare  of  the  vessels  which  inclose 
it. 

2229.  The  petals  of  the  common  com-poppy,  rubbed  upon  paper, 
give  a  purple  stain,  little  altered  by  ammonia,  or  carbonate  of  soda, 
but  made  green  by  caustic  potassa.  The  infusion  of  poppy-petals  in 
very  dilute  hydrochloric  acid,  is  florid  red ;  chalk  added,  renders  it  of 
the  colour  of  port  wine ;  carbonate  of  soda  in  excess  gives  the  same 
colour,  but  excess  of  potassa  changes  it  to  green  and  yellow.  The 
expressed  juice  of  the  black  mulberry  possesses  nearly  the  same  pro- 
perties.* 

2230.  Seeds,     Starch  is  an  essential  component  of  the  greater  Sm^s* 
number  of  seeds,  and  it  is  generally  united  in  them  with  a  variable 
portion  of  gluten,  and  often  of  fixed  and  of  volatile  oil. 

Davy  examined  a  number  of  seeds  with  a  view  to  determine  their 
relative  nutritive  powers :  for  the  results  of  his  experiments  see  Ag" 
riadiural  Chemistry^  4to.  131. 

2231.  Almonds^  the  seeds  of  the  atnygdalus  communis,  consist  of  Almonds, 
an  albuminous  substance  and  oil ;  the  latter  may  be  obtained  by  ex* 
pression,  five  pounds  yielding  about  one  pound  of  cold  drawn  oil,  and 

about  a  pound  and  a  half  when  aided  by  heat.  The  bitter  almond 
afibrds  by  pressure  an  oil  analogous  to  that  from  the  former ;  but  if 
the  expressed  cake  be  distilled  with  water,  a  portion  of  volatile  oil 
eminently  poisonous,  and  smellinc^  strongly  of  the  almond,  is  ob- 
tained ;  this  oil  is  used  as  a  flavourmg  material  by  confectioners,  and 
by  the  manufacturers  of  noyeau.t 

2232.  Colocynth.  The  pulp  of  the  fruit  of  the  cucumis  colocyTUhis  Co^^^y*^- 
or  bitter  cucumber  is  much  used  in  medicine  under  the  name  coUh 
quiniida.     It  contains  a  peculiar  bitter  principle  colocynthin. 

2233.  tUaterium  is  deposited  from  an  infusion  of  the  fruit  of  the  Elatcriui. 
momardica  elaterium  or  wild  cucumber.    The  active  principle  has 

been  obtained  by  Paris  and  Faraday  and  named  elatinA 

2234.  Coffee,  the  seed  of  the  Coffea  Arabica  has  been  examined  Coffee, 
both  in  its  raw  and  roasted  state. 

Hermann  has  given  the  following  comparative  analysis  of  coffee 
from  the  Levant  and  from  Martinique,^  the  results  of  which  difier 
much  from  those  of  Cadet: 

ManinlqiM. 

68 

-      310 

.      144 

-       .    1386 

18 

1920  1^ 

When  coffee  is  roasted  it  undergoes  a  peculiar  change  of  compo- 

♦  Smithwm,  PhU.  TVoni.  1818, 110. 

t  In  the  PhU,  Trani,  for  1811,  Bfodit  hat  detitled  a  vaiMty  of  expehmenu  illot* 
-totti¥«  of  its  ictioa  is  a  poisoa. 
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Mntlard. 


Lopoliii. 


Citisia. 


FraiU 
taio  acid. 


C'P'  g»  silion  attended  by  the  formation  of  tannin,  and  a  ▼olatiki  fragrant,  and 
aromatic  principle  ;  but  in  this  state  it  has  not  been  examined  with 
any  precision.  It  is  developed  also  by  roasting  barley,  beans  and 
various  vegetables,  which  are  on  that  account  occasionally  employed 
as  substitutes  for  coffee.  Robiquet  discovered  in  coflfee  the  principle 
called  caffein, 

2235.  Mustard,  The  seed  of  the  simapis  nigra  derives  its  acri- 
mony from  volatile  oil ;  it  also  contains  a  tasteless  fixed  oil,  albuman, 
gum,  and  traces  of  sulphur  and  earthy  salts. 

2236.  Luptdin  was  discovered  by  Ives*  and  Payen  and  Cheva* 
Her,  about  the  same  time,  in  the  leaves  of  the  Humuhis  lupuhis  or 
common  hop.  It  is  extremely  bitter,  of  a  yellow  colour,  and  has  an 
aromatic  odour.  It  is  the  principle  on  which  the  characteristic  pro- 
perties of  the  hop  depend. 

2237.  Citisin  was  discovered  by  Payen  and  Chevalier  in  the 
seeds  of  the  Cytisus  Laburnum.  Its  colour  is  yellow,  and  it  has  a 
disagreeable  taste  ;  it  is  soluble  in  water,  alcohol  and  ether.  It  is 
easily  decomposed  by  heat,  and  the  strong  acids  produce  the  same 
effect. 

2238.  Rruits,  The  acid  matter  contained  in  fruits  is  either  the 
tartaric,  oxalic,  citric,  or  malic ;  or  a  mixture  of  two  or  more  of 
them ;  but  the  nature  and  proportion  of  the  acid  varies  at  difierent 
periods  of  their  growth ;  gluten  and  starch  are  found  in  some  fruits, 
and  a  gelatinizing  substance,  which  has  sometimes  been  regarded  ns 
identical  with  animal  jelly,  but  which  is  probably  a  compound  of 
gum  and  one  or  more  vegetable  acids. 

And  Migar.  2239.  Most  of  our  common  fruits  also  contain  sugar,  and  it  exists 
in  all  those  the  juice  of  which  is  susceptible  of  vinous  fermentation. 
In  some  fruits  the  quantity  of  sugar  is  increased  by  mashing  and 
exposure  to  air;  this  is  remarkably  the  case  with  some  of  the  rough- 
flavoured  apples  used  for  cider,  the  pulp  of  which  becomes  brown, 
and  at  the  same  time  sweet  by  a  few  hours'  exposure. 

2240.  The  colouring  matter  of  fruits  seems  in  most  cases  to  bear 
a  strong  resemblance  to  that  of  flowers.  The  red  juice  of  the 
mulberry  was  found  to  exhibit  the  same  characters  as  the  colouring 
principle  of  the  wild  poppy  ;  carbonated  alkalies  render  it  blue,  but 
caustic  potassa  changes  it  to  green  and  yellow :  the  juice  of  red 
currants,  cherries,  elder-berries,  and  privet-berries,  and  the  skin 
of  the  buckthorn  berry,  appear  to  contain  a  similar  colouring  prin* 
ciple. 

2241.  The  unripe  berries  of  the  buckthorn  furnish  a  juice,  which, 
when  inspissated,  is  known  under  the  name  of  sap  green,  Ii  is 
soluble  in  water^  and  rendered  yellow  by  carbonate  of  soda  and 
caustic  potassa  ;  the  acids  redden  it,  and  carbonate  of  lime  restores 
it  to  green,  which  is  therefore  probably  the  proper  colour  of  the 
substance.t 


Cokraring 
matter. 


Sap  graflD. 


♦  Amtr.  Jour,  ii. 


t  Smithaoo,  PhU,  Trana.  1818;  p.  116. 


AriMtitalioii. 


487 


Sbction  VI.     Phefwmena  and  Products  of  Fermentation, 


Sect  TI. 


2242.  The  ierm  fenneTUation  is  employed  to  signify  the  sponta-  Fenntnu- 
Deous  changes,  which  certain  Tegetabie  solutions  undergo,  placed  ^°°' 
under  certain  circumstances,  and  which  terminate  either  in  the  pro- 
duction  of  an  intoxicating  liquor,  or  of  vinegar;  the  .former  termi-  ^J^looi. 
nation  constituting  vinous,  the  latter  acetous  fermentation* 

The  principal  substance  concerned  in  vinous  fermentation  is  su- 
gar ;  and  no  vegetable  juice  can  be  made  to  undergo  the  process, 
which  does  not  contain  it  in  a  very  sensible  quantity.  In  the  pro- 
duction of  beer,  the  sugar  is  derived  from  the  malt ;  in  that  of  wine, 
from  the  juice  of  the  grapa. 

2243.  Malt  is  barley  which  has  been  made  to  germinate  to  a  cer-  Mtlt. 
tain  extent,  after  which  the  process  is  stopped  by  heat.     The  barley 

is  steeped  in  cold  water,  and  is  then  made  into  a  heap  or  couch,  upon 
the  maltfloor ;  here  it  absorbs  oxygen  and  evolves  carbonic  acid ;  its 
temperature  augments,  and  then  it  is  occasionally  turned  to  prevent  its 
becoming  too  warm.  In  this  process  the  radicle  lengthens,  and  the 
plume  called  by  the  maltsters  the  acrospire,  elongates ;  and  when  it 
has  nearly  reached  the  opposite  extremity  of  the  seed,  its  further 
growth  is  arrested  by  drying  at  a  temperature  slowly  elevated  to 
150^  or  more.     The  malt  is  then  cleansed  of  the  rootlets. 

2244.  In  the  maouiicture  of  beer,  the  malt  is  ground  and  infused  in  the  mask"  Beer, 
am,  in  rather*  more  than  its  bulk  of  water,  of  the  temperature  of  160^  or  180^. 
Here  the  mixture  is  stirred  for  a  few  hours ;  the  liquor  is  then  run  off,  and  more 
water  added,  until  the  malt  is  exhausted.    These  infusions  are  called  wort,  and 

its  principal  contents  are  saeeharins  rnatler,  starch,  tnucilage^  and  a  small  quanti-  Wort, 
ty  of  gluten     The  strength  of  the  wort  is  adjusted  by  its  specific  gravity,  which 
is  usually  found  by  an  instrument,  not  quite  correctly  called  a  sacekarometer^ 
since  it  is  influenced  by  all  the  contents  or  the  wort,  and  not  by  the  sugar  only.* 

The  wort  is  next  boiled  with  hops,  amounting  upon  the  average,  to  ^tt  the 
weight  of  the  malt,  their  use  bein^^  to  cover  the  sweetness  of'  the  liquor  by  their 
aromatic  bitter,  and  to  diminish  its  tendency  to  acidify.  The  liq^uor  is  then 
thrown  into  lar^e,  but  very  shallow,  vessels,  or  coolers^  where  it  is  cooled  to 
about  50<^,  as  quickly  as  possilde ;  it  is  then  suffered  to  run  into  the  fermenting 
vai,  having  been  mixed  with  a  proper  quantity  of  yeast,    (See  Addenda  ) 

2245.  In   the  fermenting   vessel,  the   different  sub-     ^^  '^• 
stances  held  in  solution  in  the  liquor  begin  to  act  upon  ILo 
each  other;  an  intestine  motion  ensues,  the  temperature  ..^q 
of  the  liquor  increases,  carbonic  acid  escapes  in  large  quan- 
tities ;  at  length  this  evolution  of  gas  ceases,  the  liquor 
becomes  quiet  and  clear,  and  it  has  now  lost  much  of  its 
sweetness,  has  diminished  in  specific  gravity,  acquired          14.^0 
a  new  flavour,  and  become  intoxicating.t 


*  It  is  a  brass  instrument,  of  the  shape  shown  in  fig.  198,  so  adjust- 
ed ID  weight  as  to  sink  to  the  point  marked  0^,  in  distDled  water,  at  the 
temperature  of  70*>,  and  when  immersed  in  a  liquor  of  ihe  same  tem- 
perature, and  of  the  specific  gravity  of  1.100,  it  ishuoyed  up  to  the 
mark  100,  just  above  the  bulb.  The  intermediate  space  is  divided  into 
100  equal  psrts,  and  consequently  will  indicate  intermediate  degrees  of 
sp.  gr.  This  is  the  most  useful  form  of  the  instrument,  though  not 
that  m  common  use.  The  specific  gravily  of  the  won  for  ale  is 
usually  about  1.090  to  I.IOO  and  for  table  beer  from  1.020  to  1030. 

t  The  distillers  prepare  a  liquor,  called  isash,  for  the  express  purpose 

P"^*"*^"?  ^^  **  ardent  spirits;  instead  of  brewing  this  from  pure 

malt,  thev  chiefly  employ  raw  grain,  mixed  with  a  small  quantity  only 

of  malted  grain  j  the  water  employed  in  the  mash-tun  is  of  a  lower 


100 


Wadu 
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o*p  '^      SS46.  Wuu  ii  priocipally  procured  from  ihe  jaice  of  the  grap*, 

Wiu.         and  some  other  saccbnrine  and  mucilaginous  juices  of  fruits.     This 

tweet  juice  is  termed  miat.     Tbe  principal  substances  held  in  8oIu- 

lion  in  grape  juice  are  tugaT,gvm,  gliUen,  and   tartrate  of  potaaa. 

It  easily  fennenls  iponlaneously  at  temperaiures  between  60°  and 

60°,  and  the  phenomena  il  gives  rise  to  closely  resemble  those   of 

the  wort  with  yeast.      After  the  operation,  its  sp.    gr.  ia  mach 

diminished,  its  flarour  changed,  and  it  baa  acquired   intoxicating 

powers. 

Tinooa  2247.  As  the  fermentation  of  mutt  takes  place  without  adding  nay 

brmtDta-  fermettt,  it  is  obviaus  that  tbe  requisite  aubttauce  is  present  in  (he  juice. 

■ioo-  ThiswasseparatedhjFabroQiandfound  tobe  analogous  lo  the i^uteD 

of  plants  i  and  gluten  being  substituted  for  it,  the  ^rmenution  sdc- 

ceeded.     He  has  shown  that  the  saccharine  pan  of  must  resides  in 

tbe  cells  of  grapes,  while  the  glutinous  matter,  or  ferment,  is  lodged 

on  the  membranes  that  separate  the  celts.     It  is  only  aFier  the  juice 

is  squeezed  out  ihat  these  two  substances  are  mixed.      Alt  other 

juices  thai  undergo  spontaneous  fermentation  have  been  shown  by 

Thenard  and  Seguin  to  contain  a  similar  substance. 

Air  nwM-       2248.  Gay  Lussac  has  shown  that  the  juice  of  fruits  will  uot  fer- 

**^-  roent,  if  completely  excluded  from  the  air.     But  if  a  tittle  oxygen 

gas  tie  let  up  to  it,  this  gas  is  absorbed  and  fermentation  goes  on,  the 

carbonic  acid  evolved  being  100  times  aa  great  as  that  of  the  oxj-gen 

absorbed.* 

2249.  Il  seems  probable  that  the  tartaric  acid  ts  partly  decompoaed 
and  s  portion  of  malic  acid  formed  during  the  process,  which  is 
analogous  to  combustion,  being  attended  by  me  evolution  of  caloric 
and  the  formation  of  carbonic  acid. 
R_^  2250.  If  >  mixture  of  1  pari  augu,  ^-  "*■ 

^^  4  or  &  of  wster,  sod  a  lillle  jeasl,  be 

placpd  in  a  due  temperature,  it  b1» 
wnn  tiegina  \o  ferineDt,  and  gives  riie 
to  Ihe  eame  producU  m  won  or  jnpe- 
juice  I  and  the  leaults  ma;  eauJj  t>e 
exBrnioed  by  auflerirrg  the  procesH  to 
go  on  in  the  apparatiu  fig.  199,  cod- 
fiating  of  a  malrice  eonlaining  tbe 
(ermenling  mixture,  nilii  a  bent  lube 
iHuiDg  from  it,  and  pauing  into  an 
iOTenad  jar  standing  in  water. 

Pntdoetsor     2251.  When  any  of  the  above-mentioned  fermented  liquors  are 

""V.  distilled,  they  afford  a  spiriluoiu  liquor;  that  from  wine  la  termed 

brandy;  from  the   fermented  juice  of  the  sugnr-cnne    we    obtain 

rum;  and  from  wash,  malt  spirit ;  and  these  spirituous  liquors,  by 

re-distillation,  furnish  spirit  of  teine,  ardent  spirit,  or  aleoiol.i 

32d2-  The  peculiar  odour  of  wine  is  owing  to  the  presence  of  a 
small  quantity  of  a  substance  analogous  in  properties  to  a  volatile 

lemprralure  than  thai  nqnisile  in  brewing,  and  the  maihing  longer  cootiaaMtj  br 
which  it  would  appear  that  a  piil  of  the  atarch  of  the  barley  ii  rendered  into  a  jini 
of  lacxharina  matlet-    The  wort  is  snerwarda  feimenled  wiib  yeast. 

'  linn,  dt  Chint.  ivi.  S15. 

t  For  the  propnrlioai  at  alcuhol  faniiilMd  by  differant  fennnled  liqnoia  M*  p.  44s. 
The  eiperimenu  at  Bninde  [Pkil.  Ttmt.  1311— I3J  ahow  thai  il  i*  a  real  aduct.  Sea 
also  U*ad«ra«a>t  TabU  in  Brewslar't  Jour.  i.  IM. 
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t>il.  It  amounts,  at  an  average,  to  about  41^.^7^^  P&t^  of  ^^^  wine,  fiect.  vi. 
It  may  be  obtained  by  distilling  the  lees  of  wine.  It  has  been  called  ^nanthic 
ananthic  ether.*  «thcr. 

2253.  Acetous  fermentation.  When  any  of  the  vinous  liquors  are  AcetoM 
^^osed  to  the  free  access  of  atmospheric  air  at  a  temperature  of  ti™.^ 
8(r  or  SS)*  they  undergo  a  second  fermentation,  terminating  in  the 
production  of  a  sour  liquid,  called  vinegar.     Vinegar  is  usually  ob-  Vinegar, 
tained  from   malt  liquor  or  cider,  while  wine  is  employed  as  its 
source  in  those  countries  where  the  grape  is  abundantly  cultivated.  ' 

2254.  The  colour  of  vinegar  varies  according  to  the  materials  Propertua. 
froin  which  it  has  been  obtained ;  that  manufactured  in  England  is 
generally  artificially  coloured  with  burnt  sugar :  its  taste  and  smell 

are  agreeably  acid.  Its  specific  gravity  is  liable  to  much  variation  ; 
it  seldom  exceeds  1.0250.  When  exposed  to  the  air  it  becomes  mouldy 
and  putrid,  chiefly  in  consequence  of  the  mucilage  which  it  con- 
tains, and  from  which  it  may  be  in  some  measure  purified  by  careful 
distillation. 

2255.  Neither  pure  alcohol,  nor  alcohol  diluted  with  water,  is  sus-  Alcohol 
ceptible  of  this  change.     The  weaker  the  wine  or  the  beer  the  more  a^mthA 
readily  it  is  converted  into*  vinegar*  yet  strong  wines  yield  a  better  change, 
vinegar,  so  that  alcohol  contributes  to  the  formation  of  the  acetic  acid. 

Wine  entirely  deprived  of  glutinous  matter  does  not  undergo  the 
acetous  fermentation,  until  some  mucilaginous  matter  is  restored 
to  it. 

2256.  Wine  which  is  completely  deprived  of  all  access  to  atmos-  JJ|JJ?^'* 
pheric  air  never  becomes  sour.     In  order  to  understand  what  takes  fomMtion 
place  during  the  conversion  of  alcohol  into  acetic  acid,  we  have  only  o^.i|c«tic 
to  attend  to  the  constitution  of  these  two  bodies.     Alcohol  is  G4H5O       ' 
-j-HO  while  acetic  acid  is  C4H8O3-I-HO.     In  the  first  place  2  atoms 

of  oxygen  are  absorbed  from  the  atmosphere  for  every  integrant 
part  of -alcohol  present.  These  combine  with  two  atoms  of  hydro*> 
gen  and  form  water,  leaving  the  alcohol  in  the  state  of  G4H1O-I-HO, 
this  is  aldehyde.  The  aldehyde  has  a  strong  affinity  for  oxygen  and 
absorbs  2  atoms  of  it  from  the  atmosphere,  and  is  converted  into 
C4H3O8-I-HO  or  acetic  acid.  Thus  during  the  conversion  of  alcohol 
into  acetic  acid,  every  atom  of  alcohol  absorbs  4  atoms  of  oxygen 
from  the  atmosphere  Here  unless  the  air  be  renewed  the  process 
ceases  to  go  on.  Even  when  the  process  is  properly  conducted 
about  1^5 th  of  the  whole  acetic  acid  formed  is  lost.  But  when  the 
air  is  not  supplied  to  enable  the  aldehyde  to  absorb  oxygen  as 
fast  as  it  is  formed,  a  great  deal  is  volatilized,  and  the  consequent  loss 
of  acetic  acid  may  be  very  great.t 

2257.  When  the  acetous  fermentation  is  oveTr  the  whole  of  the  j|,|i|g  ^^ 
malic  acid  of  the  wine  has  disappeared  as  well  as  the  alcohol.     We  and  alcohol 
must  conclude  that  they  have  been  both  converted  into  acetic  acid.  <J>"*PP«». 
Fart  of  the  glutinous  matter  undergoes  the  same  change,  part  is  de- 
posited in  the  state  of  flakes,  and  part  remains  in  solution,  disposing 

the  vinegar  to  decomposition. 

— I— ■-^^iM^Bi      1  m-au—        Tin-  ^ -^ 1 

*  Ann.  de  C%tm.  ei  de  Phy$,  bdii.  113. 

t  This  ehoVB  the  necessity  on  the  pan  of  mannfactarers  of  perpetually  renewing  the 
air  of  their  chambers. 
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226B.  Sagmr  appears  to  be  the  enential  cooatitoent  is  Uqaoca  to 

be  conrerted  into  Tinegar  and  the  quantity  of  vinegar  formed  it  prcH' 
portional  to  the  sugar.  ^    T.  los. 

2269.  Ptmaty  fermeniaiian.  The  change  which  doo^  undeigoeSy 
attended  with  the  disengagement  of  carbonic  acid  gas,  has  beea 
called  the  panary  fermentation.  The  adhesive  gluten  of  the  flour 
enables  it  to  be  distended  by  the  carbonic  acid  gas,  and  the  mass 
rises.  The  mean  heat  of  a  baker's  oven  is  4^,  this  stops  the 
fermentation,  and  the  detained  gas  is  expanded,  giving  to  tne  loaf 
its  vesicular  structure.  Carbonate  of  ammonia  is  sometimes  em- 
ployed to  render  the  bread  porous. 

2260.  Putrefaction.  Vegetable  substances  are  decomposed  spon- 
taneously if  moist,  provided  the  air  has  access  to  them  and  the  tem- 
perature be  not  much  under  45**,  nor  so  high  as  to  drive  off  the 
moisture.  Plants  do  not  putrefy  in  vacuo,  or  at  least  very  slowly. 
If  placed  in  bottles,  well  closed,  and  exposed  to  the  temperature  of 
boiling  water  a  partial  vacuum  is  formed  within  and  they  may  be 
kept  fresh  for  a  considerable  length  of  time.t 

2261.  When  vegetables  contain  nitrogen  the  gases  given  ofif  da* 
ring  putrefaction  are  peculiarly  ofieosive*;  this  is  the  case  with  the 
cruciform  plants,  and  when  sulphur  and  phosphorus,  it  is  much 
more  so.  When  these  substances  putrefy  on  the  surface  of  the 
ground,  they  leave  humus  or  vegetable  soil,  which  consists  chiefly  of 
the  extractive  matter  called  by  Berzelius  apotheme. 


CHAPTER  X. 


ANIMAL   SUBSTANCES. 

Section  I.     Ultimate  Principles  of  Animal  Matter^  and  Prodmds 

of  its  Destructive  DistillatioH. 

^^  2262.  The  proximate  principles  of  the  animal  creation  consist,  like 

™^jjjj  those  of  vegetables,  of  a  few  elementary  substances,  which  by  com- 
bination in  various  proportions,  give  rise  to  their  numerous  varietiea. 
Carbon,  hydrogen,  oxygen,  and  nitrogen,  are  the  principal  ultimate 
elements  of  animal  matter ;  and  phosphorus  and  sulphur  are  also 
often  contained  in  it.  The  presence  of  nitrogen  constitutes  the  most 
IiRingw.  striking  peculiarity  of  animal,  compared  with  vegetable  bodies  ;  but 
as  some  vegetables  contain  nitrogen,  so  there  are  also  certain  animal 
principles,  into  the  composition  of  which  it  does  not  enter. 

2263.  The  presence  of  nitrogen  stamps  a  peculiarity  upon  the 
products  obtained  by  the  destructive  distillation  of  animal  matter,  aDd 
which  are  characterized  by  the  presence  of  ammonia,  formed  by  the 
union  of  the  hydrogen  with  the  nitrogen.     It  is  sometimes  so  abun- 

*  Seven  wster,  ooe  tugmr,  and  some  y^nst  ferment  in  a  proper  temperature  and  form 
an  excellent  ▼inegar.  Ann,  <ie  Chim.  Isii.  846.  For  a  full  account  of  the  proceaaes  ate 
Ure'i  Did,  A.  oiuf  AT.  I. 

t  On  this  is  founded  the  mathod  of  praaarnng  vegatsblM,  ftoitn,  &e.  Sea  U^e^ 
Did,  A.andM.  104S.  p    ---» 


dandy  generated  as  to  be  the  leading  product ;  thus,  when  horn,  ^>et.i. 
hoofs,  or  bones,  are  distilled  per  js,  a  quantity  of  solid  carbonate  of 
ammonia,  and  of  the  same  substance  combined  with  empyreumatic 
oil,  and  dissolved  in  water,  are  obtained  ;  hence  the  pharmaceutical 
preparations  oilled  spirit  and  salt  of  hartskom^  and  DippePs  animal 
oU.  Occasionally  the  acetic,  benzoic,  and  some  other  acids  are 
formed  by  the  operation  of  heat  on  animal  bodies,  and  these  are 
found  united  to  the  ammonia ;  cyanogen  and  hydrocyanic  acid  also 
frequently  occur. 

2264.  If  the  gas  evolved  during  the  decomposition  of  animal  bo-  ^^J^^Jt 
dies  be  eiamin^,  it  is  generally  inflammable,  and  consists  of  carbu-  ^^  ^^^ 
retted  hydrogen,  often  with  a  little  sulphuretted  and  phosphuretted 
hydrogen;  carbonic  oxide, carbonic  acid, and  nitrogen  are  also  some- 
times detected  in  it. 

The  coal  remaining  in  the  retort  is  commonly  very  difficult  of  in- 
cineration, a  circumstance  depending  upon  the  common  salt  and 
phosphate  of  lime,  which  it  usually  contains,  forming  a  glaze  upon 
its  surface  which  defends  the  carbon  from  the  action  of  the  air. 
Animal  charcoal  is  also  found  to  be  more  effectual  in  destroying  co- 
lour and  smell,  than  that  obtained  from  vegetables. 

2265.  By  the  term  putrefaction  we  mean  the  changes  which  dead 
animal  matter  undergoes,  and  by  which  it  is  slowly  resolved  into  new 
products.  These  changes  require  a  due  temperature,  and  the  pre- 
sence of  moisture;  for  below  the  freezing  point  of  water,  or  when 
perfectly  dry,  it  undergoes  no  alteration. 

During  putrefaction  the  parts  become  soA  and  flabby,  they  change 
in  colour,  exhale  a  nauseous  and  disgusting  odour,  diminish  consi- 
derably in  weight,  and  afibrd  several  new  products,  some  of  which 
escape  in  a  gaseous  form,  others  run  off  in  a  liquid  state,  and  others 
are  contained  in  the  fatty,  or  earthy  residuum. 

The  presence  of  air,  though  not  necessary  to  putrefaction,  materi- 
ally accelerates  it,  and  those  gases  which  contain  no  oxygen,  are  AntiMp- 
very  efficient  in  checking  or  altogether  preventing  the  process.  Car- 
bonic acid  also  remarkably  retards  putrefaction ;  and  if  boiled  meat 
be  carefully  confined  in  vessels  containing  that  gas,  it  remains  for  a 
very  long  time  unchanged,  as  seen  in  Appert's  method  of  preserving 
meat.* 


Patnlao- 
tioo. 


*  Tbi9  method  is  now  saocessfally  practised  in  Englwid,  upon  the  great  commercial  Method  •£»«• 
scale,  for  keeping  beef,  salmon,  soups,  &c.  perfectly  fresh  and  sweet  for  exportation.  wrTiof  oMau, 
The  process  is  as  follows ;  Let  the  substance  to  be  preserved  be  first  parboiled,  or  ra-  Ae- 
ther, somewhat  more,  the  bones  of  the  meat  being  previously  removed.    Put  the  meat . 
into  a  tin  cylinder,  fill  up  the  vessel  with  seasoned  rich  soup,  and  then  solder  on  the        ^ 
lid,  pierced  with  a  smaU  nole.    When  this  has  been  done,  let  the  tin  vessel  thus  pre-, 
pared  be  placed  in  brine  and  heated  to  the  boiling  point,  to  compleie  the  cooking  or  the 
meat.    The  hole  of  the  lid  is  now  to  be  closed  by  soldering,  woilst  the  air  is  rarefied. 
The  vessel  is  then  allowed  to  cool,  and  from  the  diminution  of  volume,  in  consequence 
of  the  redaction  of  temperature,  both  ends  of  the  cylinder  are  pressed  inwaitis  anil  be* 
come  concave.    The  tin  cases,  thus  hermetically  sealed,  am  exposed  in  a  test-chambsr, 
for  at  least  a  month,  to  a  temperature  above  what  they  are  ever  likely  to  encounter ; 
from  90^  to  110^  F.    If  the  piocess  has  failed,  putremction  takes  place,  and  gas  is 
evolved,  which  will  cause  the  ends  of  the  case  to  bulge,  so  as  to  render  them  convex, 
nurtmd  of  concave.    But  the  contents  of  those  cases  which  stand  the  test  will  infalli- 
bly keep  pertectly  sweet  and  good  in  any  climate,  and  for  any  number  of  years.    If 
there  be  any  taint  about  the  meat  when  put  up,  it  inevitably  ferments,  and  is  de- 
tected in  the  proving  process. 

For  a  variety  of  details  and  methods  of  preserving  animal  and  vegetable  sabstaaoet 
Ma  Uie*a  Dkt,  ArU  and  Mam{f.  1046. 
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Ch*P'3^»       There  are  several  aubetaoces  which,  by  forming  new  combinationa 
with  animal  matter,  retard  or  prevent  putrefaction,  such  as  chlorine 
and  many  of  the  saline  and  metallic  compounds ;  sugar,  alcohol,  vo- 
latile oils,  acetic  acid,  and  many  other  vegetable  substances  also 
stand  in  the  list  of  anti-putrefactiyes,  though  their  mode  of  operating  is 
by  no  means  understood. 
Effect  of         2266.  The  effluvia  which  arise  from  putrescent  substances,  and 
thccffiavia.  j^q^q  especially  those  generated  in  certain  putrid  disorders,  have  a 
tendency  to  create  peculiar  diseases,  or  to  give  the  living  body  a  ten* 
dency  to  produce  poisons  analogous  to  themselves.     An  atmosphere 
Fmnigs-     thus  tainted  by  infectious  matter,  may  be  rendered  harmless  by  fumi- 
^^*  gation  with  the  volatile  acids,  more  especially  the  nitrous  and  the 

hydrochloric  ;  chlorine  is  also  very  effectual;  the  vapour  of  vinegar, 
though  sometimes  useful  in  covering  a  bad  smell,  is  not  to  be  relied 
on.  It  appears  evident  that  the  acid  and  chlorine  act  chemically  upon 
the  pernicious  matter,  and  resolve  it  into  innocuous  principles. 
AdipoMra.  2267.  When  muscular  flesh  is  immersed  in  a  stream  of  running 
water,  it  is  partially  converted  into  a  substance  having  many  of  the 
properties  of  fat  combined  with  a  portion  of  ammonia.  The  same 
changes  have  been  observed  where  large  masses  of  putrefying  ani- 
mal matter  have  been  heaped  together,  or  where  water  has  had  occa- 
sional access  to  it.  Nitrate  of  ammonia  is  also  sometimes  formed 
under  the  same  circumstances. 


Section  II.    FiMn,  ^e. 

FibriD.  2266.  Fibrin  is  the  principal  part  of  muscular  fibre,  and  is  found 

also  in  the  blood  of  animals.     It  is  solid,  tasteless,  inodorous;  has  a 

^^  .      whitish  appearance ;  some  elasticity,  and  is  rendered  hard  and  brittle 

ProperbM,  ^y  drying.      Soluble  in  strong  acetic  acid,  swelling  at  first,  and 

forming  a  concentrated  jelly. 
Amionof  2269.  It  is  decomposed  bv  strong  and  by  diluted  nitric  acid,  pure  ni- 
uidi.  trogen  being  evolved  from  it  when  the  acid  is  diluted  ;  a  yellow  pow- 
der, called  ydlaw  acid,  is  formed  during  the  reaction  of  the  nitric 
acid.  Berzelius  has  affirmed  that  it  is  a  compound  of  nitric  acid  and 
fibrin  after  it  has  been  affected  by  the  acid.  With  sulphuric  acid, 
a  solution  is  procured,  containing  a  peculiar  white  matter  called  leu- 
cine; the  sulphuric  acid  is  separated  from  it  by  chalk,  the  solution  of 
the  leucine  being  then  filtered  and  evaporatea.  Diluted  hydrochlo- 
ric acid  has  little  action  on  fibrin,  and  by  the  strong  acici  it  is  de- 
composed. Fibrine  is  also  dissolved  by  concentrated  solutions  of 
potassa,  soda,  and  ammonia,  being  at  the  same  time  decomposed. 
It  is  insoluble  in  water ;  alcohol  converts  it  into  a  fatty  matter. 

2270.  It  is  procured  from  muscular  fibre  by  maceratmg  it  in  water, 
or  by  stirring  newly  drawn  blood  with  a  stick,  when  it  collects  in  con« 
siderable  quantity  upon  it. 

The  analysis  of  fibrin  affords  carbon  53,  hydrogen  7,  nitrogen  19» 
oxygen  19. 
Athamii        fiS7h  Albumen,  60  carb.,  7  hyd.,  15  nit.,  26  oxy.,  is  found  aban- 
dantly  in  the  solid  form,  and  in  solution  in  water,  constituting  in  the 
latter  case  liquid  albumen. 


2272.  Solid  albumen  is  found  in  the  cellabr  membrane,  and  in    Saeu  iif. 
a  great  number  of  other  animal  solids.     Liquid  olhumen  forms  the  Solid  Alba- 
while  of  the  eggt  and  almost  the  whole  of  the  serum  of  the  blood.  ^'^^' 
It  is  a  thick  fluidi  distinctly  alkaline  from  the  presence  of  soda,  com- 
bines with  cold  water,  and  is  coagulated  at  l&f  by  beat ;  it  is  also 
coagulated  by  alcohol,  by  sulphuric,  nitric,  hydrochloric,  metaphos-  Propertits. 
phoric,  and  many  other  acids ;  by  ferroc3ranate  of  potassa  after  the 
addition  of  acetic  acid  ;  by  bichloride  of  mercury,  bydrochlorates  of 
tin  and  iron,  acetate  of  lead,  and  by  the  infusion  of  galls.    Phospho- 
ric and  pyrophosphoric  acids  do  not  precipitate  it.     The  coagulated 
albumen  generally  carries  along  with  it  a  portion  of  the  precipitating 
agent. 

3273.  With  bichloride  of  mercury,  a  precipitate  of  chloride  of  mer^ 
cury  and  albumen  is  formed ;  or  of  the  oxide  of  mercury,  according 
to  more  recent  investigation.  Bichloride  of  mercury  detects  albumen  CoMaUted 
in  2000  parts^of  water.*  An  excess  of  albumen  dissolves  those  pre-  el^^Sty. 
cipitates  which  are  compounds  of  albumen  and  an  oxide.  It  is  also 
instantly  coagulated  by  Voltaic  electricity ;  and  if  two  platinum  wires 
connected  with  a  small  battery  be  immersed  into  diluted  albumen,  a 
▼ery  rapid  coagulation  will  take  place  at  the  negative  pole,  and 
scarcely  any  e&ct  at  the  positive  pole. 

2274.  Albumen  coagulated  by  heat,  or  by  drying  successive  layers 
in  the  open  air,  resembles  fihrine  much,  and  can  scarcely  be  distin- 
guished from  it  by  the  action  of  tests.  Berzelius  states  that  it  has  no 
action  on  binoxide  of  nitrogen^  but  that  fibrine  produces  a  disengage- 
ment of  oxygen. 

227&  Getotne,  47  carb.,  7  hyd.,  16  nit.,  27  oxy.,  is  not  found,  GcIsUm. 
like  the  preceding  substances^  in  any  animal  fluids.  It  is  obtained  prin- 
cipally from  skin,  bones,  membranes,  ligaments,  and  tendons.  Jbin* 
glass  is  a  purer  variety,  which  is  prepared  from  the  sounds  of  the 
sturgeoD  and  other  fish.  It  is  solid,  soluble  in  water,  hat  or  cold ;  not 
Goagfulated  by  heat  or  acids ;  forms  a  solution  which  gelatinizes  when 
cold,  even  when  100  parts  of  water  are  used  with  only  1  of  gelatine. 
Tannin  precipitates  it  copiously ;  the  compound  is  called  tanno-gela- 
tine,  and  is  of  the  same  nature  with  leather,  which  is  usually  pre- 
pared by  the  action  of  tannin  (derived  from  oak-bark)  with  the  skins 
of  animals.  Glue  consists  of  impure  gelatine.  Gelatine  is  insoluble  in 
water ;  converted  into  a  peculiar  saccharine  matter  by  sulphuric  acid ; 
not  precipitated  by  bichloride  of  mercury  or  subacetate  of  lead. 

2276.  Osmazome  is  found  associated   with   muscular  fibre  and  Ounszome. 
other  animal  matters;  it  is  particularly  distinguished  by  its  solubi- 
lity in  water  and  alcohol  at  any  temperature,  and  by  not  forming  a 
gelatinous  solid  when  its  solution  is  evaporated.     Osmazome  is  re- 
garded as  the  matter  which  gives  to  broth  its  peculiar  flavour. 


Sbction  III.    Bane^  Mussle^  ij'C, 

2277.  Bones  contain  about  33  per  cent,  of  animal  matter,  and  67 
of  earthy  substances.  The  animal  matter  is  composed  principally  of 
gelatine  and  marrow  or  fatty  matter.     The  following  are  the  compo- 

*  Boftock^  in  Nicholson's  Jour.^  zi¥. 
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otaqi  X.    neiit  parts  of  tbe  earthy  matter  in  100  pnli'df  b6nes,  oOiittitog 

fractioDs  :— 

Analysii  of  Photphate  of  Ume,  about  .51  parts. 

bones.  Carbonate  of  lime,  .        11    ^ 

Fluoride  of  calcium,      .  .  .         2    *' 

Phosphate  of  magnesia,  .  1    " 

Soda,  chloride  ofsodium,  and  water  in  smaller  proportion. 
Silica  and  alumina,  with 
Oxides  of  iron  and  manganese,  have  also  been  detected. 

2^1^  .        2278.  Exposed  to  beat  i^  tbe  open  air,  tbe  animal  matter  is  cod- 
batt.  sumed,  and  the  earthy  substances  alooe  left     Exposed  lo  beat  witb% 

out  access  of  air,  ammonia,  inflammable  gases,  oily  matter,  water, 
and  other  substances,  are  evolved,  much  of  the  carbon  of  tbe  decom- 
posed  animal  matter  remaining  with  the  earthy  substances  of  the 
tx>ne.  In  this  condition  it  is  termed  ivory  black,  which  is  much  em- 
ployed as  a  decolourizing  agent,  charcoal  from  animal  substances 
(2210)  being  very  powerful  in  this  respect.  If  the  charcoal  be  re- 
quired perfectly  free  from  earthy  matter,  hydrochloric  acid  may  be 
employed  to  dissolve  it ;  and  when  it  has  been  removed  by  solutioQ, 
the  remaining  charcoal  should  be  well  washed,  and  heated  to  red- 
ness, before  it  is  used  to  destroy  animal  or  vegetable  colouria^ 
matter. 

2279.  If  bones  be  kept  for  some  time  in  diluted  hydrochloric  acid, 
all  earthy  matter  is  removed,  and  the  animal  matter  which  remains 
retains  the  original  form  of  the  bone. 

2280.  Teeth  are  composed  of  the  same  materials  as  bones,  bat 
contain  less  animal  matter. 

HomB,lto.  2281.  Horns,  hoefi,  naib,  tendom,  the  eiUide,  and  tbe  true  skin, 
are  composed  principally  of  gelatins ;  horns  contain  also  coagulated 
albumen,  and  a  portion  of  earthy  matter. 

Hair.  2282.  The  muscleB  are  composed  principally  of  fibrine,  with  albu- 

men, gelatine,  osmazome,  fatty,  and  saline  matter. 

Brain.  2283.  Hair,  wool,  t^nd  fetUhers,  are  considered  to  contain  a  pecu- 

liar animal  matter.  Silica,  sulphur,  iron,  manganese,  and  other 
substances,  more  particularly  salts  of  lime,  have  also  been  detected 
in  them. 

2284.  In  brain  and  tbe  matter  of  tbe  nerves,  80  per  cent,  of  water 
are  found.  Albumen,  fatty  matter,  and  osmazome,  constitute  the 
other  principal  ingredients.  A  variable  proportion  of  phosphorus 
has  also  been  detected,  along  with  minute  quantities  of  salts  and 
sulphur. 

Sbctiom  IY.    Blood,  Respiration,  Animal  Heat. 

Blood.  2286.  The  blood  is  a  fluid  slightly  saline,  unctuous,  and  has  a  pe- 

culiar odour.  Sp.  gr.  105,  and  temperature  above  97**  when  newly 
drawn,  or  while  circulating  in  tbe  bloodvessels ;  it  appears  to  be  ho- 
mogeneoos,  but  by  the  microscope  it  is  found  to  consist  of  a  flui(| 
almost  without  colour,  in  which  numerous  red  panicles  are  sus- 
pended. 

2286.  When  removed  from  the  bloodvessels,  a  balitus  or  vapour 
arises  from  the  surface,  composed  of  water  and  a  little  animal  mat- 
ter, and  after  a  few  minutes  the  whole  mass  gradually  assumes  a 
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aplid  coosi$4e9ce.    Sbortly  afterwarda  a  few  dtopt  of  yellowiib  fluid   Bict«>V' 
gather  od  the  top,  and,  fioally,  the  blood  spontaneouely  separates  into 
two  parts,  the  clot  or  crassamentam,  which  is  thick  and  solid,  and 
the  serum  or  fluid  portioo.    From  2  to  3  parts  of  crassamentam  are 
uanally  procured,  with  1  of  serum. 

22&7.  The  conversion  of  the  fluid  mass  into  the  solid  form  isCo«g«la« 
called  the  coagulation  of  the  blood,  and  it  commences  within  two  otJ|?^^ 
three  minutes  after  its  removal  from  the  Uoodvessels ;  the  clot  or        ' 
coagulum,  however,  often  continues  to  contract  slightly  for  two  or 
three  days ;  it  then  assumes  the  form  of  a  cup,  and  floats  amidst  the 
serum.    The  cause  ef  the  coagulation  is  not  known ;  it  has  been 
attributed  to  a  vital  action,  the  blood  being  considered  to  have  the 
property  of  vitalitv  as  well  as  the  living  solids.    It  indeed  contains 
organized  solids  floating  in  a  transparent  medium. 

2388w  Tbe  coagulation  is  accelerated  by  exposing  the  blood  to  a  Acceltra- 
tenperaiure  of  IdO**,  or  drawing  it  from  a  amall  orifice  into  a  shallow^* 
vessel. 

S289.  It  coagulates  quickly  if  the  air  be  rapidly  exhausted  from 
the  vessel  in  which  it  is  received  ;  and  it  has  been  observed  to  coa- 
gulate speedily  in  proportion  to  the  depression  of  the  vital  energies, 
as,  for  instance,  in  hoemorrhage.  Hence  the  blood  last  removed  ge* 
nerally  coagulates  first.  Alum,  and  the  sulphates  of  zinc  and  copper, 
promote  this  change.  The  tint  of  coagulum  is  much  affected  by  the 
colour  of  the  vessel  in  which  the  blood  is  received. 

2290.  Saturated  solutions  of  kydrochlorate  of  soda,  hydrochlorate  PreTented. 
of  ammonia,  nitrate  of  potassa,  and  potassa,  death  arising  from  vio- 
lent mental  emotions,  or  preceded  by  severe  exercise,  prevent  the 
process  of  coagulation.  Low  temperatures  produce  a  similar  eflect, 
or  retard  it  much  ;  thus,  blood  which  coagulates  in  five  minutes  at 
60^,  requires  fully  an  hour  at  40*^. 

229L  it  has  been  stated  that  the  blood  doestiot  coagulate  in  cases 
of  death  induced  by  lightning,  but  this  has  lately  been  contradicted. 
In  animals  killed  by  a  powerful  galvanic  battery  the  blood  has  been 
found  coagulated. 

2282.  Besides  a  particular  exhalation  from  the  blood,  heat  is 
evolved  during  coagulation.  Carbonic  acid  gas  was  supposed  to  be 
disengaged ;  but  it  is  not  now  considered  that  any  of  this  gas  is 
evolved. 

229dL  The  blood  according  to  M.  Le  Canu,  consists  of  the  follow^  Composi- 
ing  substances  in  1000  parts :  tion. 

Water,             -....--  785.590 

Fibrin, 3.565 

Albumen,         ........  69.415 

Colouring  matter,        ......  U9.626 

CnrstalHne  fatty  matter,  tenned  Seroline,  (Cholesterine  ?)     .  4.300 

Oily  matter,      .           -           .           .           .           -           .  2.270 

Extractive  soluble  both  in  aloohol  and  water,             -           .  1.920 

Albumen  combined  witb  eoda,            ....  2.010 

Chlorides  of  sodium  and  potassium,  with  phosphates,  sulphates, 

carbonates,  of  potassa  and  soda,  ....  7.304 

GaibooBtea  of  lime  and  magnesia ;  phosphates  of  lime,  magne- 
sia^ and  iron ;  peroxide  of  irois    -           -           -           *  1.414 
Low,     •           -           - 2Ji86» 

*.  Aeeokdiag  to  Gmelia  and  Tiedeman  blood  does  not  contain  free  carbonic  acid. 
Sse  thair  Researchas  on  Blood  in  Rec  qf  Oen»  ScL  1. 56. 
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2294.  Small  portions  of  alumina,  silica,  and  manganese,  have 
been' found  in  the  blood,  and  even  a  minute  trace  of  copper,  by 
Sarzeau  and  O'Shaughnessy. 

2295.  Baruel  maintains  that  the  blood  contains,  in  addition  to  the 
preceding  principles,  a  volatile  matter  peculiar  in  each  species, 
which  is  disengaged  when  the  blood  is  mixed  with  strong  sulphu* 
ric  acid. 

2296.  The  proportion  of  the  different  substances  in  blood  varies 
at  different  periods  of  life,  in  different  individuals,  and  in  disease. 
The  proportion  also  of  the  serum  to  the  clot  varies  much  from  the 
shape  of  the  vessel  in  which  the  fluid  is  received.  The  fatty  mat- 
ter  has  been  regarded  as  Cholesterine. 

2297.  From  experiments  made  on  the  changes  produced  in  the 
composition  of  the  blood  by  repeated  bleedings,  it  appears  that  the 
albumen  and  salts  decrease  at  each  bleeding ;  the  diminution  is, 
however,  very  variable,  and  even  after  the  fourth  time  does  not 
amount  to  one  and  a  half  per  cent.  In  the  globules  the  same  dlmi- 
nution  takes  place,  but  to  such  a  degree  that  they  are  at  least  re* 
duced  to  less  than  one-half  their  original  quantity. 

2298.  The  proportion  of  solid  matter  of  the  serum,  and  solid 
matter  of  the  clot,  is  variously  estimated,  but  Prevost  and  Dumas 
give  the  following  relative  quantities,  in  1000  parts  of  human 
blood : — 


Water, 

Solid  matter  of  craMamentom, 
■  ■ acrmn, 


784 

129 

87 


Colonriog 
matter. 


Aetioo  of 
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3299.  In  the  CrtusamefUum  the  principal  solids  are  the  fibrioe  and 
colouring  matter  of  the  blood,  mixed  with  albumen  derived  from  the 
serum.  By  washing  in  a  cloth  with  water,  all  the  colouring  matter 
may  be  removed,  the  fibrine  being  left.  The  fibrine  is  found  not 
only  in  the  red  globules,  but  also  in  solution  in  the  serum,  as  it  cir- 
culates in  the  living  system. 

2300.  Colouring  matter  of  the  bhod.  Regarded  formerly  as  de- 
pending essentially  upon  iron  for  its  tint,  which  is  attributed  now  to 
a  peculiar  animal  matter  resembling  albumen,  and  called  HtnuxUh' 
sine.  It  differs  from  albumen  in  its  colour,  and  is  black  when  pare ; 
it  has  a  reddish  colour  when  reduced  to  powder.  It  is  more  easily 
coagulated  by  heat  than  albumen,  and  is  not  precipitated  by  the  ace- 
tate or  subacetate  of  lead.  It  contains  carbon,  oxygen,  hydrogen, 
and  nitrogen,  with  a  minute  quantity  of  iron.  It  acts  with  other  agents 
in  the  same  manner  as  albumen. 

2301.  When  chlorine  is  transmitted  through  a  solution  of  the 
colouring  matter,  a  white  flocculent  matter  is  precipitated,  and  a 
transparent  fiuid  is  obtained,  in  which  the  iron  may  be  detected  by 
all  the  usual  tests.  Iron  cannot  be  detected  by  the  usual  reagents, 
when  dissolved  in  a  solution  containing  organic  matter. 

2302.  It  is  obtained  by  diluting  a  solution  of  colouring  matter  in 
albumen  with  10  parts  of  water,  and  heating  the  liquid,  when  the 
colouring  matter  is  separated  by  coagulation  al  the  temperature  of 
149^,  while  albumen  remains  in  solution  till  heated  to  160^.  It  is 
also  precipitated  by  several  metallic  oxides.  A  solution  of  the 
colouring  matter  in  excess  may  be  procured  by  stirring  the  clot  in 
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wftier,  having  drained  it  previously  on  bibulous  peper^  after  cutting    ^^^t.  iv. 
it  io  thia  slices.     The  solution  of  colouring  rotttter  in  albumen 
is  procured  by  stirring  newly  drawn   blood,  so  as  to  remove  the 
fibrine. 

2303.  Erithrogen  (from  Bgv6Qog,  ruber)  is  a  term  applied  by  Bizio  Erithrogea. 
to  a  peculiar  animal  principle  obtained  by  him  in  a  diseased  gall- 
bladder, and  which  he  considered  as  the  base  of  the  colouring  mat- 
ter of  the  blood.     It  is  turned  red  by  nitrogen. 

3304.  The  serum  constitutes  the  fluid  portion  of  the  blood ;  it  is  ^^^^^^ 
of  a  pale  yellow  colour,  with  a  slight  tinge  of  green,  and  sometimes 

Presents  a  milky  appearance.     Sp.  gr.  1.030.    It  contains  free  alka- 
(soda.) 

2305.  It  is  coagulated  by  heat,  acids,  alcohol,  and  by  galvanism.  Effect  of 
On  cutting  and  pressing  the  coagulum  when  produced  by  heat,  a  small  heat,  &«. 
quantity  of  colourless  limpid  fluid  exudes,  called  the  serosity,  con- 
taining a  considerable  portion  of  the  saline  matter  of  the  blood,  and 

also  a  portion  of  animal  matter. 

2306.  According  to  Marcet,  1000  parts  of  the  serum  consist  of —  Aaalvsii. 
Water, 900. 


Albumeo, 

Hjdrochlorate  of  potaasa  and  loda, 


86.8 
6.6 
4. 

1.65 
035 
0.60* 


[uco-extractiTe  mattor, 
Carbonate  of  soda,    - 
Salphate  of  potaaea,  - 
£aitii7  phoephatea,  - 

2307.  Respiration  consists  in  the  inspiration  and  expiration  of  aiTi  itMtiii^ 
during  which  the  air  received  into  the  lungs  meets  with  Che  blood«  tion. 
when  it  changes  from  the  dark  purple  colour  of  venous  blood  to  the 
bright  and  brilliant  red  colour  which  it  presents  in  the  arteries.  No 
difficulty^  is  now  entertained  with  respect  to  the  air  penetrating 
through  the  thin  membrane  of  the  cells  of  the  lungs,  as  numerous 
experiments,  particularly  those  of  Mitchellt  and  Faust,  have  shewn 
that  air  can  pass  through  membranous  matter,  and  aflect  chemi- 
cally the  contents  within. 

2306.  The  experiments  on  the  diflusion  of  gases  illustrate  the  Exp. 
passage  of  air  through  apertures  impervious  to  water ;  while  th^ 
movements  that  take  place  in  diflerent  fluids  separated  by  a  meta^ 
branous  partition,  also  clearly  prove  the  facility  with  which  an  inter<' 
change  of  principles  can  ensue  with  great  force  where  it  was  not 
previously  suspected.    Dutrochet,  who  made  many  interesting  et* 
peri  menu  on  this  subject*  found  that  a  bladder  filled  with  a  sirupy 
fluid  and  placed  in  water,  soon  absorbed  so  much  of  the  water  that 
it  burst,  a  portion  of  the  viscid  fluid  also  escaping  through  the  por^S.  Bndoamoee 
Endosmose  is  the  term  applied  to  this  peculiar  action  as  it  is  obseft-  ^'^  ^*''^' 
ed  in  liquids,  and  eaxmnose  to  the  passage  of  a  portion  of  fluid  from  ^    * 
the  interior  to  the  other  portion  of  liquid  with  which  it  may  be  sur* 
rounded  ;  this  exosmic  movement  always  accompanies  the  endosmic 
action.    The  extensive  surface  on  which  the  fluid  is  spread  in  the 
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*  A  tvlttsble  paper  oa  Blood  and  Chyle  by  Mailer  #ill  Ite  found  io  Ree.  qf  Oai, 
».i.424. 
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<^*^P'  ^'   cells  of  tbe  lungs,  must  be  pecaliarly  favourable  for  the  absorptioa 
of  oxygen  from  the  air  by  the  blood,  and  tbe  evolution  of  carbonic 
acid. 
EflSsct  of         2309.  Blood  agitated  with  air  or  oxygen  becomes  of  a  florid  red 
*if  I  ^-      ia  the  same  manner  as  in  the  lungs ;  but  with  nitrogen  and  with  car- 
bonic acid  the  colour  is  darkened.     The  quantity  of  air  afiected  ap* 
pears  to  correspond  wiih  the  amount  of  colouring  matter  in  the 
blood.    The  presence  of  saline  matter,  as  in  the  serum  of  the  blood, 
is  essential  to  the  change  of  colour ;  it  does  not  take   place  without 
it,  however  freely  the  air  or  oxygen  may  be  supplied,  as  Stevens 
proved.     The.  experiments  of  Gregory  and  Irvine  have  shewn  that 
oxygen  is  necessary  to  induce  the  red  tint  in  the  globules  diffused 
through  serum,  or  any  similarly  diluted  solution  of  saline  matter, 
though  the  change  may  be  produced  in  a  strong  saline  solution 
^^^^     without  any  oxygen.     Arterializatian  is  the  term  applied  to  the 
xation.  '    changes  that  are  produced  in  the  fluid  derived  from  the  food,  as  it  is 

converted  into  blood. 

Oxygen  n-     2310.  During  respiration,  the  quantity  of  oxygen  in  the  air  is 

moTwi,       diminished,  and  in  man  it  is  replaced  by  an  equal  bulk  of  carbonic 

acid  gas ;  in  other  animals,  the  quantity  of  this  gas  given  oat  is 

occasionally  observed  to  be  greater,  and  sometimes  less  than  the 

oxygen  consumed.     Every  minute,  it  has  been  calculated  by  Allen 

and  Pepys,  26  cub.  inches  of  carbonic  acid  are  produced,  an  estimate 

considered  rather  high  by  many  chemists ;  the  air  given  out  from 

^^^^  the  lungs  contains,  according  to  other  estimates,  3.6  per  cent,  of 

formed,      carbonic  acid ;  according  to  them,  from  6  to  8  per  cent,  of  this  gas. 

2311.  The  quantity  of  carbonic  acid  according  to  Coathupe  is 
but  6.4  per  cent.  According  to  his  recent  experiments  460.800  cubic 
inches,  or  266.66  cubic  feet  of  air  pass  through  the  lungs  of  a  healthy 

.  ^_  adult  in  24  hours,  of  which  10.666  cubic  feet  will  be  converted  into 

ty.  ^  carbonic  acid  gas  =2386.27  grs.  or  5.45  ounces  avoirdupois  of  car- 
bon. This  gives  99.6  grains  of  carbon  per  hour,  produced  by  the 
respiration  of  one  adult  or  124.328  pounds  annually."!^ 

2312.  The  experiments  of  Thomson,  Prout,  and  Fyfe,  shew  that 
the  quantity  of  carbonic  acid  evolved  at  difierent  temperatures  varies 
mucn  under  difierent  circumstances,  and  even  at  difierent  periods  of 
the  day. 

2313.  By  a  forced  expiration,  about  200  cub.  inches  of  air  may, 
on  an  average,  be  expelled  from  the  lungs. 

2314.  The  nitrogen  of  the  air  is  little  afiected,  apparently,  by  res- 
piration ;   occasionally   its  quantity  appears   to  be  increased,  and 
sometimes  it  is  diminished,  the  efiect  varying  with  the  seasons  and 
other  circumstances- 
Animal          2315.  Animal  heai.  The  discovery  of  carbonic  acid  in  the  air  dis- 
l^at.          engaged  from  the  lungs  during  respiration,  was  made  by  Black. 

He  considered  respiration  analogous  to  combustion,  and  that  the  car- 
bonic acid  is  formed  in  the  lungs.  Crawford,  adopting  his  views, 
believed  that  the  capacity  of  the  blood  for  caloric  is  increased  at  the 
moment  the  carbonic  acid  is  produced,  and  hence  the  reason  why 
no  burning  heat  is  perceived  in  the  lungs ;  but  the  capacity  of  the 

*  See  Coethupe's  expenmeaU  io  Lon(L  mnd  Edm.  PMIm,  Mag,  Jone,  1839. 
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bloody  he  supposed,  is  diminished  as  it  passes  from  arterial  to  venous  Stt-  iv. 
blood  in  the  extreme  capillaries,  when  the  heat  that  had  originally  Theories, 
been  produced  (though  not  rendered  sensible  in  the  lungs)  is  evolved, 
diffusing  an  equal  degree  of  warmth  over  the  whole  body.  His  ex- 
periments, however,  as  to  the  relative  capacities  of  oxygen,  carbonic 
acid,  venous,  and  arterial  blood,  on  which  the  theory  rests,  have  not 
been  supported  by  other  chemists. 

2316.  Ellis  considered  that  carbon  is  separated  from  the  blood 
as  an  excreted  product,  and  then  acts  on  the  air  inspired. 

2317.  Hassenfratz  and  Le  Grange  proposed  another  view  of  the 
manner  in  which  the  carbonic  acid  is  produced,  and  it  is  roost  gene- 
rally received  at  present.  They  considered  that  the  oxygen  of  the 
air  is  absorbed  by  the  blood,  and  a  corresponding  quantity  of  car- 
bonic acid  evolved,  produced  during  the  course  of  the  circulation  by 
the  oxygen  which  had  been  previously  absorbed.  Carbonic  acid  gas 
has  been  detected  in  venous  blood,  being  evolved  when  it  is  trans- 
ferred directly  from  the  living  body  into  an  atmosphere  of  hydrogen 
gas. 

2318.  The  skin  affects  the  air  much  in  the  same  manner  as  the 
lungs,  carbonic  ncid,  being  produced  and  oxygen  consumed. 

-  2319.  In  some  animals,  respiration  is  carried  on  entirely  by  the 
skin,  and  a  considerable  quantity  of  carbonic  acid  evolved. 

2320.  The  production  of  animal  heat  was  considered  by  Black  to  Black's 
depend  upon  the  formation  of  carbonic  acid  by  the  oxygen  of  the  ^«>'y« 
air  combining  with  the  carbon  of  the  blood.     Numerous  experiments 
have  now  proved,  that  the  greater  the  heat  produced   in  the  body, 

the  greater  the  consumption  of  oxygen  in  the  lungs;  it  is  also  sup- 
posed that  this  operation  is  not  the  only  source  of  animal  heat,  but 
that  it  may  be  developed  in  part  by  other  operations  going  on  at  the 
same  time. 

2321.  By  disease,  blood  is  much  altered  in  its  properties.  Inog.^  r 
cases  of  cholera  it  is  very  much  affected ;  its  colour  becomes  dark, 
sometimes  it  acquires  the  consistence  of  tar,  and  is  less  readily 
affected  by  the  oxygen  of  the  air.  It  loses  much  water,  and  most 
of  its  saline  matter,  the  proportion  of  albumen  and  colouring  mat- 
ter being  increased.  Its  density  is  greater,  and  it  does  not  co- 
agulate. 

2322.  Blood  occasionally  presents  a  white  appearance,  owing  to 
the  presence  of  fatty  matter  in  considerable  quantity,  which  is  de- 
tected by  ether  dissolving  it,  and  giving  a  solution,  from  which  it 
may  be  procured  by  evaporation. 

2323.  In  cases  of  inflammatory  action,  the  crassamentum  is  cov-  Sufiycoat. 
ered  with  a  coat  of  pure  fibrin,  usually  called  the  huffy  coat.     This 

arises  from  the  blood  being  so  altered  in  its  qualities,  that  the  fibrin 
it  contains  in  solution  coagulates  more  slowly  than  the  rest  of  the 
blood,  and  part  of  it  is  deposited  above  the  red  clot.  The  red  glo- 
bules of  the  blood,  are  considered  heavier  than  pure  fibrin,  con- 
sisting of  a  small  portion  of  colourless  fibrin  in  the  centre,  which 
is  surrounded  by  the  colouring  matter  of  the  blood.  When  the 
blood  is  removed  from  the  bodvi  and  the  colouring  matter  escapes 
from  the  globule,  the  fibrin  from  the  centre  adheres  firmly  to- 
gether. 
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Ch^p-  3C.  23S4.  The  blood  is  afiected  to  a  great  extent  iD  a  number  of  other 
EffMU  of  diseaaes,  though  this  may  not  in  general  be  so  easily  recognised  as 
^1*^^  ^^  in  the  preceding  cases,  chemical  analysis  being  reqaired  to  point 
oat  the  change.  Occasionally,  however,  the  change  is  snfEiciently 
evident,  as  in  jaundice,  when  the  blood  acquires  a  greenish-yellow 
tint  in  consequence  of  the  absorption  of  bile.  The  black  Yomit 
observed  in  yellow  fever  is  regarded  as  a  compound  of  blood  and 
hydrochloric  acid.  Urea  is  frequently  observed  in  the  blood,  more 
especially  in  those  cases  when  the  secretion  of  urine  is  suppressed. 


Salitm. 


Section  V.    SaUvan^t  ^i^  Gnstrie  Juices,  Bile. 

2325.  The  SaUva  contains  a  small  quantity  of  solids  in  solution, 
scarcely  amounting  to  I  per  cent.     The  solid  matter  is  composed  of 
a  peculiar  animal  matter  and  saline  substances,  amone  which  freQ 
soda  and  sulphocyanate  of  potassa  have  been  detected.     It  varies, 
however,  in  us  composition,  and  has  been  frequently  observed  acid« 
neutral,  and  alkaline. 
Psnenttie      2326.  Pancreatic  juice.   Regarded  formerly  as  being  of  the  same 
juioe,         nature  with  saliva,  though  now  considered  very  different,  containing 
a  little  albumen,  curdy  matter,  osmazome,  a  free  acid  (acetic?), 
but  no  sulphocyanic  acid  is  present. 
Gastrio  2327.  wutric  juice.  This  fluid  is  secreted  in  its  proper  form  only 

joioe,         from  the  stimulus  of  food,  when  hydrochloric  acid  may  be  distinctly 
traced  in  it,  to  which  the  great  solving  powers  which  it  possesses  are 
attributed ;  acetic  acid  is  also  associated  with  it.     The  nydrochlorie 
acid  is  probably  derived  from  common  salt,  and  to  the  soda  produced, 
as  the  hydrochloric  acid  is  removed,  the  alkaline  reaction  of  the 
blood  may  perhaps  be  attributed.     The  stomach  itself  is  supposed  to 
be  defended  from  the  action  of  the  corrosive  acid  by  assuming  a  pe- 
culiar electric  condition.     In  cases  of  sudden  death,  the  stomach  is 
often  found  corroded  in  consequence  of  the  action  of  the  acid  on  its 
fibres.     Grastrrc  juice  acts  powerfully  in  coas^ulating  milk. 
Its  setioa        ^328.  The  gastric  juice  acting  on  the  food  produces  a  pulpy  mass, 
on  food,      termed  chyme,  from  which,  in  the  intestines,  a  milky  fluid,  the 
chyle  is  absorbed ;  this  contains  the  nutritious  matter  derived  from 
the  food,  and  is  conveyed  to  the  heart,  and  thence  to  the  lungs, 
where  it  acts  with  the  air,  and  is  converted  into  arterial  blood. 
Bilo.  2329.  Bile  is  a  greenish-yellow  coloured  fluid,  generally  rather 

viscid,  having  a  sweetish  bitter  taste  and  nauseous  ^our.    Heavier 
than  water,  alkaline  ;  coagulated  by  acids. 

Thenard  regards  the  bile  of  the  ox  as  a  compound  of  about  7  parts 
of  water  and  1  of  animal  and  saline  matter,  composed  of — 

Picromel.  Hydrochk>nUe  of  loda. 

Resin.  Hydrochlorate  of  potaan. 

Yellow  matter.  Sulphate  of  soda. 

Soda.  Phosphate  of  lime. 

Phosphate  of  soda.  Magnesia  and  oxide  of  iron. 

The  saline  matter  constitutes  a  small  proportion  of  the  ingredients. 

Cholesterine,  an  odoriferous  animal  matter,  and  another  peculiar 

animal  matter,  osmazome,  gluten,  cholic  acid,  and  some  fatty  sub- 

*  See  ezperunenu  of  Tiedemann  and  Qmelin  in  Amu  de  Odm.  lix.  848. 
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atEDces,  have  also  bees  found  in  bile.    In  human  bile,  similar  ingre-   seot>  vi. 
dients  have  been  detected. 

2330.  Picromd.     Solid,  crystalline,  soluble  in  alcohol  and  water ;  picnoMl. 
taste  sweet.     Prepared  from  bile  by  precipitating  sulphuric  acid  and 

some  other  substances  by  acetate  of  lead,  then  adding  subecetate  of 
lead,  the  oxide  falling  down  with  the  picromel  and  resin.  By  hydro- 
sulphuric  acid  acting  on  the  precipitate  suspended  in  water,  sulphuret 
of  lead  is  formed,  being  left  undissolved  along  with  the  resin  ;  the 
picromel  remains  in  solution. 

2331.  ChoHc  Acid  is  solid,  crystalline,  reddens  litmus,  and  has  a  CboUe 
sweet  taste.     Biliary  Calctdi  are  composed  principally  of  choleste-  "^* 
rine,  and  the  colouring  matter  of  the  bile.     Sometimes  they  contain 

DO  cholesterine. 

2332.  ChalesteTine    is  white,  crystalline,  with    a  pearly  lustre.  Ghoteita- 
Melts  at  278°  ;  does  not  form  a  soap  with   potassa.     Insoluble  in  ""*' 
water;  dissolved  abundantly  by  boiling  alcohol;  sparingly  soluble 

in  cold  alcohol.     By  the  action  of  nitric  acid,  cholesteric  acid  is 
produced. 

Section  VI.    MiUc  and  Chyle, 

2333.  MHJc  contains  the  following  substances,  of  which  the  first*  Milk. 
water,  constitutes  nearly  929  parts  in  1000 : — 

Watmr.  Hydrochlorato  of  polaaaa. 

Butter.  Acetate  of  potassa. 

CaaeoQfl  matter.  Phosphate  of  potassa. 

Sugar  of  milk.  Phosphate  of  lime. 

Lactic  acid.  Traces  of  iron. 

8334*  Cream  contains  rather  more  than  3  per  cent,  of  caseous  mat-  Cream, 
ier,  and  4  of  butter,  the  rest  being  whey. 

2335.  TF%^  consists  principally  of  water,  with  small  portions  of  Whey, 
animal  matter,  and  a  large  quantity  of  a  peculiar  saccharine  matter, 
called  sugar  of  milk,  which  may  be  procured  by  evaporation. 

2336.  Bidyrine  is  the  name  given  to  oily  matters  which  constitute  Butjrine. 
butter. 

2337.  Caseous  Matter  is  the  curdy  substance  obtained  from  milk  Caseous 
coagulated  by  rennet,  the  infusion  made  by  the  action  of  water  upon  "*•"** 
a  portion  of  the  stomach  of  the  calf,  which  is  powerful  in  coagulating 
milk.  It  always  contains  in  this  condition  some  foreign  matter  asso« 
ciated  with  it.  being  soluble  in  water  when  pure,  and  forming  a  mu- 
cilaginous solution.  Sulphuric,  nitric,  hydrochloric,  and  other  acids  ; 
alcohol,  the  infusion  of  galls,  and  a  variety  of  other  substances,  coa- 
gulate milk  by  combining  with  the  caseous  matter. 

2338.  Caseous  matter  is  maintained  by  some  chemists  to  contain 
two  distinct  principles,  caseic  add,  and  caseous  oxide  of  aposepi' 
diite.  Others  again  regard  it  as  approaching  very  nearly  to  coagu- 
lated albumen  in  its  leading  characters. 

2339.  Chyle  is  the  milky  looking  fluid  taken  up  from  the  chyme.  Chyle. 
It  approaches  in  its  characters  to  blood,  but  has  only  a  slight  pink 

tint,  and  contains  less  solid  matter.  It  forms  a  less  firm  crassamen* 
turn  during  coagulation,  and  from  its  serum  a  flocculent  precipitate 
is  obtained  by  beat,  termed  by  Prout  incipient  albumen.  The  chyle 
of  two  dogs  analyzed  by  him  contained  from  89  to  94  of  water, 
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€bMp.x.   the  rest  being  fibriD,  incipient  albumen,  albamen  with  a  slight  pink 
tint,  and  minute  quantities  of  sugar,  and  oily  and  saline  matters. 


Section  VII.     Oleaginous  and  Fatty  Substances. 

2340.  These  resemble  much  in  all  their  leading  characters  the 
fixed  oils  of  vegetables.  Stearine  is  found  in  most  of  them  asso- 
ciated with  Yariable  proportions  of  oleine.  Berard  prepared  a  sub- 
stance very  similar  to  fat,  by  passing  through  a  red-hot  tabe  a  mix- 
ture of  carbonic  acid,  carburetted  hydrogen,  and  hydrogen.  Dobe- 
reiner  succeeded  in  producing  an  analogous  compound  with  coal  gas 
and  watery  vapour. 

2341.  Stearine  is  obtained  with  facility  in  brilliant  crystals  when 
SteariMT.     deposited  from  a  hot  ethereal  solution.     It  is  very  soluble  in  hot 

ether,  sparingly  soluble  in  cold  ether.  It  is  also  soluble  in  boiling 
alcohol.  Melts  at  129°.  Prepared  by  boiling  mutton  suet  in  ether, 
idler  melting  it  to  separate  any  membranous  matter,  and  removing 
the  adhering  solution  from  the  crystals  by  bibulous  paper ;  this  pro* 
cess  is  repeated  with  the  crystals  several  times.  Similar  processes 
may  be  adopted  in  preparing  stearine  from  other  fatty  matters. 

2342.  When  boiled  with  a  solution  of  potassa  or  soda.  It  ii 
resolved  into  stearic  acid  and  glycerine.  The  stearic  acid  may  be 
separated  by  neutralizing  the  alkali  with  sulphuric  acid  (1690). 

|.  2343.  Margarone  is  the  name  given  to  another  fntty  matter  verj 

^^""**' similar  to  stearine,  but  more  soluble  in  ether,  and  melting  at  117*. 
It  is  procured  by  allowing  the  matter  separated  from  the  stearine 
(1693)  to  evaporate  and  crystallize  spontaneously. 

2344.  Olein  is  obtained  by  pressing  lard  in  bibulous  paper,  to 
Olem.         which  it  adheres.     It  is  similar  to  that  procured  from  vegetable  sub* 

stances.* 

2345.  Ambergris  is  considered  to  be  a  concretion  produced  in  the 
Anbcrgria.  stomach  of  the  spermaceti  whale.     It  is  found  floating  on  the  sea 

coast  of  India  and  Africa.  It  consists  principally  of  a  peculiar  fatly 
matter,  called  ambreine,  which  resembles  cholesterine.t 
DiinMl'i  2346.  DippeVs  Oil  is  the  name  given  to  a  thin  limpid  oil,  the  pro- 
oil,  duct  of  the  destructive  distillation  of  animal  substances. 
_  .  2347.  Fat,  Hogs*4ard  and  Suet,  are  compounds  of  stearine  and 
Uid;ttSd*  oleine  in  various  proportions;  they  melt  at  various  temperatures  be- 
suet.          tween  59°  and  102*^.     The  stearine  and  oleine  differ  often  in  the  ht 

obtained  from  different  animals. 
Hircioe          2348.  Hirdne  is  procured  from  the  fat  of  the  goat  and  sheep, 
g                  2349.  Spermaceti  is  prepared  from  the  fatty  matter  found  in  the 
c^^"^'     head  of  the  spermaceti  whale.     Solid,  white,  crystalline,  insoluble  in 
water,  soluble  in  ether  and  alcohol.     Melts  at  a  temperature  below 
212''.     It  is  usually  mixed  with  a  little  fluid  oil,  and  is   termed 
cetine  when  purified  by  solution  in  boiling  alcohol  and  crystallization. 
Ethal  is  a  solid  fatty  matter  which  remains  after  the  separation  of 
margaric  and  oleic  acids  ;  boiling  cetine  with  potassa  or  soda,  so  as 
to  produce  soap. 
-- —  ■  —  -  --.         - _  ■    - 

*Ad^>oGire.   See  2267.  f  ChoteMterint.   See  Bile. 
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2350.  Spermaceti  OH  is  the  fluid  expressed  from  the  fatty  matter  Sact.viii. 
from  which  the  spermaceti  is  obtained. 

2351 .  Train  M  is  procured  by  beating  blubber  to  212°.     Its  offen-  Tnio  oil. 
sive  odour  arises  from  decomposed  animal  matters  which  are  mixed 

with  it. 


Section  VIII.    Mucust  Pits,  ^c. 

2352.  Mueus,     The  existence  of  a  distinct  principle  to  which  thisMuent. 
name  has  been  applied  is  doubtful.     The  mucus  described  by  Bos- 

tock  is  soluble  in  hot  and  cold  water,  and  does  not  gelatinize.  Tan- 
nin and  bichloride  of  mercury  do  not  precipitate  it.  The  mucus  of 
the  nose  is  rendered  transparent  by  water,  but  not  dissolved.  It  is 
dissolved  by  nitric  acid,  dilute  sulphuric  acid,  and  potassa. 

2353.  Pus  varies  much  in  its  qualities,  according  to  the  nature  of  Pm. 
the  source  from  which  it  is  produced.  Healthy  pus  is  a  bland,  thick 
fluid,  apparently  homogeneous,  but'  composed  of  a  thin  transparent 
fluid,  with  opaque  globules  floating  in  it.  Sp.  gr.  1.030.  Neutral, 
but  becomes  acid  by  the  action  of  the  air.  Soluble  in  sulphuric, 
nitric,  and  hydrochloric  acids,  and  in  alkalies.     Ammonia  produces 

a  gelatinous  mass  with  it. 

2354.  The  following  are  the  principal  tests  which  have  been  pro 
posed  for  distinguishing  pns  from  mucus : — 


Tests. 

Mixed  with  an  equal  weight  of 
watei,  and  then  with  an  equal 
weight  of  a  saturated  solution  of 
carwmate  of  potassa, 

Difiused  through  water. 

Dissolved  in  potassa,  and  water 
added, 

DissoWed  in  sulphuric  acid,  and 
water  added. 


Mucus, 
does  not  gelatinize. 


from  a  catarrh,  it  floats, 
not  affected. 


remains  suspended   in 
the  water. 


Pus, 
produces  a  jelly.  TeiU  of 


mucas  and 
pus. 


precipitated, 
precipitated. 

precipitated. 


2355.  Fluid  of  Serous  Surfaces.    Composed  principally  of  water,  piBiaof  se- 
with  small  portions  of  albumen,  mucus,  and  saline  matter.     The  reus  aw- 
lymph  which  lubricates  the  cellular  membrane  is  considered  of  ana-  ^^^^ 
logous  composition.     Small  portions  of  lactic  acid  are  also  found 

m  It 

2356.  Lactic  acid  has  been  found  in  most  animal  fluids,  and  in  a  Lactic  add. 
number  of  vegetables ;  it  was  first  obtained  from  sour  milk,  from 

which  its  name  is  derived.  Its  concentrated  solution^  is  sirupy,  very 
acid,  and  can  displace  acetic  acid  from  its  combinations.  It  is  pre- 
pared by  evaporating  solutions  containing  it  to  a  sirupy  consistence, 
extracting  the  lactic  acid  by  alcohol.  By  combination  with  oxide  of 
zinc,  separating  it  afterwards  by  baryta,  and  ultimately  removing  the 
baryta  by  sulphuric  acid,  it  is  obtained  in  a  pure  form.* 


«  F\frmic  Add  has  been  already  described  (1610). 
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Clift|».X. 


Una. 


Urie  or  li- 

thicadd 

prapared. 


PanNinc 
acia. 


Gjaoaric 


Urine. 


Aaalyur 


Deconi' 
posed. 


Section  IX.     Urea — Uric  Acid. 

23&7.  Urea  has  beeo  already  described  (1742).  Accordin|^  to 
Cass  and  Henry  it  does  not  exist  in  arine  uocombioed,  but  aniled 
with  difierent  acids  in  difierent  beings ;  in  man  combined  with  hip> 
paric  acid,  in  serpents  and  birds  with  iithic  acid,  or  at  least  with 
thepeculiar  acid,  which,  according  to  Liebig,  is  its  radical.* 

2358.  Uric  or  Idthic  Acid  may  be  prepared  from  calculi  of  oric 
acid,  or  from  the  aric  acid  deposited  from  acidulated  uriee,  by  dissol- 
ving it  in  a  solution  of  potassa,  and  adding  an  acid  to  precipitate  it 
from  the  urate  of  potassa.t 

2359.  Purpuric  Add  is  white  when  pure,  and  is  particularly  dis- 
tinguished by  the  brilliant  coloured  purple  compounds  which  it  forms 
with  several  of  the  salifiable  bases.  Formed  in  combination  with 
ammonia  by  the  action  of  nitric  and  uric  acids.  The  ammonia  may 
be  displaced  by  potassa,  and  the  purpuric  acid  precipitated  by  adding 
sulphuric  acid  to  combine  with  the  potassa.  The  erythrie  acid  of 
Brugnatelli,  and  the  sediment  often  deposited  from  urine  in  fevers, 
and  called  at  one  time  rotacic  acid,  are  considered  by  Prout  to  be 
composed  of  purpurate  of  ammonia. 

2360.  Cyanuric  Acidf  called  also  Pyrouric  Acid^  is  formed  when 
uric  acid  is  heated,  or  by  the  action  of  chlorine  on  different  compounds 
containing  cyanogen  and  water.  Urea  also  may  be  made  to  produce 
this  acid  (1761). 

2361.  A  peculiar  colouring  matter,  not  containing  any  purpuric 
acid,  has  also  been  discovered  in  the  arine. 

2362.  Urine  is  a  transparent  limpid  fluid,  of  an  amber  colour ;  sp. 
gr.  l.0224,t  when  recently  discharged  it  has  an  acid  reaction,  but  after 
a  short  time  it  acquires  decided  alkaline  properties.  The  following 
are  the  component  parts  of  urine,  according  to  Berzelius,  in  1000 
parts : — 

Water, 933.00 

Urea, 30.10 

Urie  acid,         .....  ].09 
Free  lactic  acid,  and  lactate  of  ammonia  with  ani- 
mal matter,     .....  17.14 
Mucoa  of  the  bladder,  ....  0.32 
Sulphate  of  potama,           ....  3.71 
"          loda,          ....  3.16 
Phosphate  of  loda,             ....  2^ 
Phosphate  of  ammonia,           •           .           -  1.65 
Hydrochlorate  of  toda        ....  4«45 
**         ammonia,    -           .           •           >  I. SO 
Earthy  matters  with  a  trace  of  floata  of  hme,       •  1.00 
Siliceous  earth,                        ...  0j03 

Sulphur,  phosphorus,  and  albumen,  are  also  found,  but  in  very 
small  quantities.  In  children,  and  also  in  graminivorous  animftls,  a 
considerable  amount  of  benzoic  acid  may  be  detected.  Its  sp.  gr. 
vanes  very  much,  both  in  health  and  disease. 

2363.  Urine  is  quickly  decomposed  spontaneously;  and  as  the 

*  Jour,  de  Pkarm.  March,  1689,  and  Edin.  PkOoa.  Mag.  Ang.,  1839. 
t  See  Thomson  in  Rtc.  qf  (hn.  Sd.  ii.  3.  tl  .OISS,  Thomson. 
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urea  is  resolved  into  carbonate  of  ammonia,  phosphate  of  lime  and  B>ct.tx. 
phosphate  of  ammonia  and  magnesia  are  deposited. 

2364  From  disease  the  urine  is  often  much  changed  in  its  quali- 
ties ;  the  following  are  the  principal  alterations. 

2365.  The  urine  oflen  becomes  so  loaded  with  different  materials,  Depositioa 
that  much  is  deposited  in  the  solid  form  before  it  is  discharged,  jT^^^^^^h, 

S'ying  rise  to  the  production  of  urinary  sand  or  calculi,  according  to 
e  cohesion  of  the  precipitated  matter. 

2366.  Uric  Acid  Calculi  are  of  a  brownish-yellow  colour,  and  ge- 
nerally consist  of  different  layers  of  acid.     They  are  decomposed  by  ^"^  *"^' 
heat,  soluble  in  potassii,  produce  purpurate  of  ammonia  by  nitric  acid. 

In  most  calculi,  small  portions  of  uric  acid  may  be  detected.  An 
excess  of  uric  acid,  or  the  decomposition  of  urate  of  ammonia  by 
other  acids,  are  considered  the  principal  causes  of  the  deposition  of 
uric  acid. 

2367.  Urate  of  Ammonia  Calculi  have  a  clay  colour  ;  evolve  am-  Unte  of 
roonia  when  heated  with  potassa.     With. the  other  agents  mentioned  *nini(mii, 
in  the  preceding  paragraph,  the  same  phenomena  are  produced  as 

with  uric  acid  calculi. 

2368.  Oxalate  of  Lime  Calculi  are  irough  and  tuberculated  on  the  Ozmlate  of 
surface.     Healed  to  dull  redness  they  produce  carbonate  of  lime.  ^^°'^> 
Heated  to  whiteneas  nothing  is  left  but  quicklime.     With  sulphuric 

acid,  sulphate  of  lime  is  formed,  and  then  the  oxalic  acid  may  be  se- 
parated in  solution  by  water. 

2369.  Phosphate  of  Lime  CakulL    Not  decomposed  by  heat ;  phosphate 
insoluble  in  potassa;  soluble  in  diluted  nitric  or  hydrochloric  acid ;  of  lima, 
give  no  ammonia  when  heated  with  potassa  ;  not  dissolved  by  cold 

acetic  acid. 

2370.  Phosphate  of  Ammonia  and  Magnesia  CalcttU  evolve  am- phosphate 
monia  when  heated  alone,  or  with  potassa..  Not  dissipated  by  beat,  of  ammo- 
though  the  ammonia  is  expelled.  Soluble  in  diluted  nitric  and  by-  mllJ^ia, 
drochioric  acids  ;  soluble  also  in  cold  acetic  acid. 

2371.  The  Fusible  Calculus  is  a  mixture  of  phosphate  of  lime  Fuaihle, 
with  phosphate  of  ammonia  and  magnesia.     It  is  melted  by  heat* 

Cold  acetic  acid  dissolves  the  phosphate  of  ammonia  and  magnesia, 
but  does  not  affect  the  phosphate  of  lime. 

2372.  The  Carbonate  of  Lifne  Calculus  is  distinguished  in  the  Carbonate 
same  manner  as  common  carbonate  of  lime.     A  portion  of  animal  of  lime, 
matter  is  generally  blended  with  it.     A  calculus  composed  of  oxalate 

and  carbonate  of  lime  has  lately  been  noticed.  Both  these  varieties, 
however,  are  extremely  rare. 

2373.  The  Alternating  Calculus  consists  of  alternate  layers  of  ^j^^,^. 
some  of  the  preceding  calculi.     Siliceous  Gravel  has  occasionally  tiog, 
been  noticed  in  some  urinary  complaints.     It  is  not  affected  by  beat, 

is  insoluble  in  acids,  fuses  with  alkalies  added  in  excess,  and  pro- 
duces silicated  potassa. 

2374.  Cystic  Oxide  Calculi  contain  a  peculiar  animal  matter,  cys-  Cystic  ox- 
tic  oxide,  which  is  soluble  in  acids,  alkalies,  alkaline  carbonates,  and  ^^*> 
lime-water.     Xanthic  Oxide  Calculi  consist  of  another  peculiar  ani- 
mal matter.     With  nitric  acid  it  produces  a  lemon-yellow  coloured 
compound. 

2375.  Fibrinous  Calculi  are  composed  of  fibrin.     The  last  three  fS^ 

54  cawiiu. 
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.  varieties  of  calculi  are  extremely  rare,  and  are  decomposed  by  heat, 
in  the  same  manner  as  other  animal  substances. 

2376.  The  uric  acid  and  the  phosphate  of  ammonia  and  magnesia 

calculi,  are  those  most  frequently  observed. 

Piodactioo      2377.  Sugar  is  found  in  considerable  quantity  in  the  urine  of  in- 

ofSagar,     dividuals  affected  with  diabetes;  6  per  cent,  of  sugar  may  often  be 

AUiamen,    procured  from  it.     Kane  obtained  a  still  larger  quantity.     Albumen 

is  often  found  in  large  quantity  in  the  urine  of  individuals  affected 

with  some  varieties  of  dropsy,  coagulating  when  exposed  to  heat  like 

the  serum  of  the  blood.     In  some  cases  it  has  coagulated  even  within 

the  bladder. 

^J*  de-         2378.  Urea  is  sometimes  found  in  excess  in  urine.     Prout  states, 

tecMd.        ^^^^^  yufheu  this  is  the  case,  nitric  acid  added  in  an  equal  bulk  to  a 

few  drops  of  urine  in  a  watch-glass,  produces  a  crystalline  precipi* 

tate  of  nitrated  urea  in  half  an  hour.     Healthy  urine  produces  it 

more  slowly.     It  is  not  absent  in  diabetic  urine,  as  was  at  one  time 

supposed. 

12379.  In  some  diseases  of  the  liver,  the  urine  becomes  tinged 
with  bile,  and  has  a  deeper  yellowish  tint  than  usual.  Hydrochloric 
acid  produces  a  green  tint  in  urine  charged  with  bile.    r.  irs. 


ADDENDA. 


Eadiation  of  Cahrie.    The  late  experiments  of  Melloni  have  af- 
STeaimie^  ^^^^^^  results  which  do  not  confirm  the  deductions  of  Leslie  (215)  in 
regard  to  the  influence  of  the  state  of  surfaces  upon  radiation.    A 
square  vessel  was  made  out  of  a  block  of  marble,  the  sides  of  which 
were  of  uniform  thickness,  and  the  external  surfaces  were  diflerently 
prepared.      The  first  was  smooth  and  brilliant;  the  second  was 
equally  smoth,  but  unpolished,  and  tarnished  ;  the  third  was  streaked 
in  one  direction ;  and  the  fourth  in  two,  crossed  at  right  angles. 
The  vessel  was  then  filled  with  hot  water,  and  projected  the  same 
quantity  of  radiating  caloric  from  each  of  the  four  sides.    Experi- 
ments with  metallic  surfaces  were  attended  with  a  much  more  abun- 
dant emission  of  caloric  from  streakod  surfaces  than  from  polished ; 
this  is  attributed  by  Melloni  to  a  change  of  hardness  or  density»  in 
consequence  of  the  mechanical  compression.     A  surface  of  cast  silver 
had  nearly  one  third  more  radiating  power  than  one  of  the  same  me- 
tal forged,  and  the  radiating  power  of  the  latter  was  increased  four 
fifths  by  roughening  with  emery,  while  that  of  the  former  was  dimin- 
ished nearly  one  fifth,*' 
LifliMBeeor     h^tuenee  of  Colour  on  Absorption  of  Odours,  Some  important  ob- 
oaloaroo    servations  have  been  made  by  Starkf  on  the  influence  of  colour  on 
^^^^^^  the  absorption  and  disengagement  of  odorous  matters.     He  found 
that  white  bodies  are  the  least  absorbent,  and  dark  the  roost  so ;  and 
has  made  several  important  applications  of  the  results  of  his  experi- 

*  Edin,  PkOot.  Jowr,  zzri.  899.  t  PhiL  Trana,  1833. 
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meuis  in  respect  to  clothing,  white-waahing,  the  retention  of  noxious  AddwA. 
effluvia  by  different  coloured  bodies,  and  the  consequent  communica- 
tion of  disease. 

Compouvd  BloW'pipe-  The  notice  of  Hemming's  safety  tube  was  Compoond 
inserted  (128)  after  the  apparatus  had  been  subjected  to  severe  ^'^"'"P'T»* 
trials,  the  results  of  which  fully  warranted  its  recommendation  as  a 
valuable  addition  to  the  compound  blow-pipe.  Since  then  an  explo- 
sion of  the  mixed  gases  has  occurred  in  a  strong  copper  globe  to 
which  the  safety  tube  was  attached.  The  tube  being  uninjured  and 
still  arresting  explosion  as  perfectly  as  before,  the  cause  of  the  bccur- 
rence  cannot  be  attributed  to  its  imperfection  ;  while  it  furnishes  ad- 
ditional caution  not  to  mix  the  gases  prior  to  their  combustion.  The 
student  should  also  bear  in  mind  that  explosion  may  occur^  even 
when  the  gases  are  contained  in  separate  vessels,  from  unequal 
pressure ;  an  accident  which  Dr  Torrey  informs  me  he  has  experi- 
enced, the  jet  becoming  clogged  at  the  outlet,  and  a  portion  of  the  gas 
under  the  greatest  pressure  being  forced  into  the  vessel  containing 
that  under  less  pressure.  This,  however,  can  never  occur  when  the 
double  concentric  jet  (Fig*  129), '  as  contrived  by  me,  is  used,  the 
two  orifices  of  the  conical  extremity  being  in  the  same  ^ne-*-in  the 
jet  where  the  two  orifices  open  into  arte  common  outlet,  (as  in 
Fig.  128  0,)  the  accident  may  occur.*" 

Photographic  Drawing*    raper  may  be  prepared  with  a  solution  piiouwri- 
of  bichromate  of  potassa,  instead  of  the   silver  salt  (1247),  which  |ihiednw^ 
acquires  a  deep  orange  tint  on  exposure  to  the  sun.  The  paper  should  ^9' 
be  well  soaked  in  the  saturated  solution  of  the  salt,  dried  rapidly  at  a 
brisk  fire,  excluding  it  from  day-light.     Paper  thus  prepared  is 
sufficiently  sensitive  for  taking  copies  of  prints,  dried  plants,  &c. 
The  portion  covered  by  the  object  retains  the  original  bright  yellow 
tint,  and  the  object  is  represented  yellow  upon  an  orange  ground. 
To  fix  the  drawing,  it  is  to  be  carefully  immersed  in  water,  by  which 
the  portions  of  the  salt  that  have  not  been  acted  upon  by  the  fight  are 
dissolved  out,  while  those  which  have  been  exposed  to  it  are  fixed  in 
the  paper.     The  object  then  appears  white  upon  an  orange  ground. 

A  pleasing  variety  may  be  made  by  using  sulphate  of  indigo  with 
the  bichromate  of  potassa,  the  colour  of  the  object  and  of  the  paper 
being  then  of  difierent  shades  of  greeii.t 

A  method  of  fixing  images  of  objects  upon  metal  has  been  recently  x)MiieTre'i 
made  known  by  Daguerre.  A  plate  of  silvered  copper,  well  cleaned  method.  . 
with  dilute  nitric  acid,  is  exposed  to  the  vapour  of  iodine,  and  an  ex- 
tremely thin  coating  of  iodiae  of  silver  is  formed.  Several  precau- 
tions are  required  to  render  the  coating  uniform,  the  chief  of  which 
is  the  use  of  a  rim  of  metal  round  the  plate.  The  prepared  plate  is 
placed  in  a  camera  obscura  and  allowed  to  remain  from  eight  to  ten 
minutes.  It  is  subsequently  exposed,  at  an  angle  of  48^,  to  the  va- 
pour of  mercury,  and  when  it  has  been  heated  to  167**  F.  the  images 
appear.  The  plate  is  then  exposed  to  the  action  of  hyposulphite  of 
soda  and  finally  washed  in  a  large  quantity  of  distilled  water.} 


*  See  an  account  of  this  explosion  in  Amer.  Jour,  zxxvii.  104. 
t  Ponton  in  TVaru.  8oe.  iirft,  SeoUand,  May,  1839. 
tSee  Jour.  FrcmkUn  Jtut,  xzit.  207. 
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Detection  of  Iodine  and  Bromine,  Schweitzer  has  very  recently 
described  a  method  of  ascertaining  the  proportion  of  iodine  aod  bro- 
mine in  water,  by  which  he  obtained  from  100,090  grs.  of  the  water 
of  the  Congress  spring  of  Saratoga  0.12164  gr.  of  iodide  of  siWer, 
representing  in  1000  grs.  of  the  water  0.00067  gr.  of  iodioe. 
Schweitzer  recommends  an  amhsoniacal  solution  of  chloride  of  siWer, 
prepared  by  mixing  one  part  of  a  saturated  solution  of  recently  pre- 
cipitated chloride  of  silver  in  ammonia  with  one  of  liquid  aminoDii 
(sp.  gr.  0.935)  and  two  parts  water.  If  to  a  concentrated  solutioo  of 
chloride  of  sodium  containing  one  thirtieth  part  of  a  bromide,  a  few 
drops  of  this  solution  be  added,  the  solution  of  chloride  of  sodiuin 
will  remain  clear,  but  if  the  most  minute  particle  of  an  iodide  be 
present,  it  will  be  rendered  turbid.  For  the  method  of  examinatioo 
tor  bromine,  and  of  analysing  sea- water,  see  Lond^  and  Editu  FhH 
Mag.  July,  1839. 

The  quantity  of  iodine  in  sea-water  is  very  minote,  174  pounds 
Troy  not  containing  one  grain. 

The  following  is  a  comparative  analysis  of  sea-water: 
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Very  beneficial  results  in  scrofulous  diseases  are  suted  by 
Schweitzer  to  have  followed  from  the  internal  and  external  oseof 
the  waters  of  several  saline  springs  in  Germany,  concentraied  bj 
evaporation. 

Oxide  of  Phosphorus.  M.  Botger  has  found  that  sulphuret  of 
carbon  is  the  best  solvent  of  phosphorus,  dissolving  20  parts  at  mean 
temperature,  while  the  oxide  of  phosphorus  is  not  acted  upon  by  it 
To  separate  the  oxide  he  directs  to  put  the  impure  oxide,  obtaioedby 
combustion,  into  a  large  bottle,  pour  sulphuret  of  carbon  upoD  iiwitb 
an  equal  measure  of  absolute  alcohol ;  cork  the  bottle,  and  shake  it 
well  for  about  a  minute,  then  allow  the  oxide  to  subside,  and  pouroff 
the  pbosphorized  liquor ;  repeat  this  operation  with  a  fresh  portioo 
of  the  sulphuret  and  alcohol,  and  then  put  the  oxide  of  phospbonis 
on  a  filter,  and  wash  it  first  with  alcohol,  and  then  with  water;  aftei 
this  dry  it  by  exposure  to  the  air,  or,  what  is  better,  under  a  recelTer 
with  sulphuric  acid. 

The  product  resists  combustion  at  a  high  temperature ;  with  chlo- 
rate of  potassa  it  produces  a  strongly  detonating  powder,  violent 
explosion  taking  place  even  during  mixture  without  much  pressure. 
According  to  Pelouze,  the  oxide  obtained  by  combustion  and  purified 
by  distillation,  is  Ps+0,  while  that  procured  by  the  decomposition 
of  the  chloride  (565  note)  consists  of  p4-|-0.t 


•  By  Schweitzer.  t  By  Laurent. 

tJour.  dePharm.  Feb.,  1889,  and  Land,  and  Edin.  Phil.  Mag.  July,  1831. 


Detection  of  Nitric  Add.    Rickemont  has  propo&ed  a  method  of  Addenda* 
much  delicacy  of  detecting  nitric  acid,  depending  on  the  fact  that  a  Detection 
mixture  of  a  concentrated  solution  of  protosulphate  of  irop  and  sui- of  nitric 
phuric  acid  becomes  rose-red  by  the  addition  of  deutoxide  of  nitro-^^*^* 
gen»  or  purple^  if  the  latter  is  present  in  larger  proportion ;  the 
quantity  of  the  rleutoxide  required  is  so  small,  that  an  exceedingly 
minute  portion  may  be  detected  by  it.    A  small  quantity  of  sulphuric 
acid  is  added  to  the  solution  to  be  examined,  the  latter  being  equal 
to  three  fourths  of  the  bulk  of  the  former.     When  the  mixture  has 
cooled,  drop  in  a  concentrated  solution  of  protosulphate  of  iron, 
which,  if  any  nitric  acid  is  present,  decomposes  it,  causing  the  evo- 
lution of  nitric  oxide,  which  produces  the  rose-red  or  purple  tint 
This  mode  of  operating  detects  one  part  of  nitric  acid  in  24.000  of 
water.* 

Detection  of  Nitrogen,  Mix  the  gas  under  examination  with  Detection 
from  3  to  6  times  its  volume  of  a  mixture  of  oxygen  and  hydrogen  ^''^  "**"**•"• 
(in  equal  vols.),  and  detonate  the  whole  in  a  eudiometer  by  the  elec- 
tric spark.  Mix  the  fluid  that  bedews  the  eudiometer  after  the 
explosion  with  sulphuric  acid,  to  which  a  few  drops  of  protosulphate 
of  iron  in  solution  have  beea  added,  the  fluid  will  assume  the  rose- 
red  tint  if  the  minutest  portion  of  nitrogen  is  present.  It  is  of 
course  necessary  to  avoid  any  source  of  fallacy  arising  from  the  pre- 
sence of  atmospheric  air  in  the  oxygen  and  hydrogen  employed.! 

Indelible  Ink.  A  solution  of  the  gluten  of  wheat  in  pyroligneous  TreilPs  in- 
ncid,  has  been  recommended  by  Traill,  as  an  indelible  ink.  He  di- ****'***• '"'^* 
rects  the  gluten  to  be  separated  from  the  starch  as  completely  as  pos- 
sible, and  when  recent  to  be  dissolved  in  the  acid  with  the  aid  of 
heat.  This  forms  a  saponaceous  fluid  which  is  to  be  tenopered  with 
water  until  the  acid  has  the  usual  strength  of  vinegar.  £ach  ounce 
of  the  fluid  is  then  to  be  ground  with  from  8  to  10  grains  of  the  best 
lamp-black,  and  Ij  gr.  of  indigo. t 

Salts  of  Baryta  and  Strontia.     According  to  Smith  these  salts  selts  of 
are  distinguished  by  the  action  of  chromate  of  poiassa  and  acetic  baryta  and 
acid.     It  is  only  necessary  to  add  to  a  solution  of  the  salt,  a  solution  ^^'^"^"' 
of  chromate  of  potassa,  which,  if  baryta  be  present,  will  produce  a 
light  yellow  precipitate  insoluble  in  acetic  acid.     This  reagent  will 
also  serve  to  distinguish  baryta  from  lime.^ 

Eihyle.  When  small  pieces  of  potassium  are  placed  in  a  glass  Ethyle. 
tube  3  to  5  lines  wide,  containing  chloride  of  ethyle,  a  powerful  ac^ 
tion  ensues,  and  the  metal  becomes  covered  with  a  white  crust, 
which  should  be  broken  up  so  as  to  cause  a  fresh  metallic  surface  to 
be  exposed  to  the  action  of  the  fluid.  The  mixture  soon  begins  to 
boil,  and  chloride  of  ethyle  distils  over.  A  tube  bent  at  right  angles 
should  be  fixed  in  the  mouth  of  the  large  one  to  connect  it  with  a 
receiver  kept  cool  by  a  freezing  mixture.  If  sufficient  chloride  of 
ethyle  is  present,  all  the  potassium  is  converted  into  the  white  crust, 
which  is  dissolved  by  water  with  the  disengagement  of  hydrogen 

;^  *  Loncf.  and  Bdin,  Phil.  Mag,  xiii.  393<  t  Richemonl,  Ibid, 

XEdin,  Philot.  Jour,  xxt.  218. 

I  J.  L.  Smith,  in  Amer.  Jour,  zzxri.  1S3.    See  also  a  method  by  Rose,  in  Land, 
and  Edm,  PhiL  Mag,  Jan.,  1839. 
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gas.     On  agitating  the  watery  solution  with  ether  and  decantingrthe 

ethereal  solution,  a  volatile  oilv  fluid  is  obtained  by  evaporating'  in 
vaaw  at  a  low  temperature.  This  fluid  bums  vividly,  has  a  peculiar 
odour,  and  very  acrid  taste. 

The  white  powder  consists  of  C4H5.     From  these  experiments 
Lowig  concludes,  that  by  the  action  of  potassium  on  chloride  of  ethyle, 
chloride  and  etkylide  of  potassium  are  formed,  the  latter  combination 
being  decomposed  by  the  action  of  water,  setting  free  the  ethyle» 
either  pure  or  as  a  hydrate.* 
DisMtsM.       Dieutase,  is  the  name  given  to  a  substance  extracted  from  malted 
barley,  and  which  may  be  applied  to  important  purposes  in  domestic 
economy.  It  is  obtained  by  macerating  the  ground  malt  in  cold  water 
for  some  time.     It  is  then  pressed  and  the  liquid  filtered,  and 
heated  to    158^.      The  coagulated  portion    is  separated  and   the 
liquid  being  again  filtered  is  mixed  with  a  sufficient  quantity  of  al- 
cohol to  throw  down  the  diastase,  the  diastase  is  again  dissolved  in 
water  and  thrown  down  by  alcohol,  and  this  is  to  be  repeated  several 
times. 

Diastase  is  solid,  white,  insoluble  in  water,  but  soluble  in  dilute 
alcohol.  Its  solution  separates  amidin  from  all  starchy  substances 
containing  it,  hence  its  name.t  It  exists  in  the  seeds  of  malted 
barley,  oats  and  wheat.  One  part  is  suflicient  to  render  soluble  the 
interior  portion  of  two  thousand  parts  of  starch,  and  to  convert  it  into 
sugar. 

To  prepare  it  upon  a  large  scale,  850  lbs.  of  water  are  heated  to  86^, 
10  parts  of  ground  malt  are  then  added  and  the  heat  raised  to  140^ ; 
220  lbs.  of  flour  are  then  added  and  the  whole  well  mixed.  When 
the  temperature  has  risen  to  168°  we  should  endeavour  to  keep  it 
steady  at  that  point,  or  at  least  not  to  allow  it  to  cool  below  160^, 
nor  to  rise  above  167^.  In  twenty  minutes  the  liquid  becomes  more 
transparent,  and  from  being  viscid  and  thready  at  first,  it  becomes 
almost  as  fluid  as  water.  When  this  happens  the  temperature 
should  be  suddenly  raised  to  212°.  The  whole  is  then  left  at  real, 
the  clear  portion  drawn  ofl*,  filtered  and  evaporated  by  means  of 
steam  at  230°,  the  scum  being  removed.  When  sufficiently  concen- 
trated, it  is  poured  into  a  receiver  of  tin  plate  or  wood,  and  on  cool* 
ingit  coagulates  into  an  opaque  jelly. 

While  hot,  if  it  be  mixed  with  yeast  and  kneaded  into  the  dough ; 
it  serves  well  for  the  preparation  of  bread. 

If  spread  put  in  thin  layers  and  dried  in  the  air,  or  by  a  stovet  we 
obtain  dextrine,  which  being  reduced  to  powder,  may  be  introduced 
into  all  kinds  of  pastries,  chocolate,  bread,  &c.t 
Dtitrine.  Dextrine  dissolved  in  diluted  alcohol  has  been  lately  recommended 
as  a  temporary  varnish  for  oil  paintingSt  preventing  the  imbibition  of 
colours,  even  when  employed  a  few  days  after  the  finishing  of  the 
picture.  Applied  with  a  soft  brush,  it  gives  a  clearness  like  a  light 
varnish,  which  can  be  removed  by  a  moist  sponge,  when,  after  a  few 
months,  common  varnish  may  be  applied  with  its  ordinary  efl^t. 
The  same  solution  serves  as  a  perfect  varnish  for  water  colours,  and 

^  *  Pofg«ndorff,  Ann,  46,  p.  347,  nMd  Land,  and  Sdin.  Phil  Mag',  July,  1839. 
t  From  duat^fu^  to  MeparaU.  X  T.  Org,  Bod,  M6. 
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for  fixiDg  pencil  and  crayon  drawings.    The  solation  of  dextrine,  in  Addenda. 
about  an  equal  portion  of  warm  water,  furnishes  a  paste  which  re- 
mains  liquid  and  possesses  great  energy.     It  may  be  advantageously 
used  as  a  substitute  for  the  greater  number  of  common  pastes.* 

Nature  of  Ferment^  or  Yeast.  The  following  results  have  been 
given  by  M.  CagnardrLatour.t  Yeast  is  a  mass  of  small  globular  ^^^i|^o, 
bodies  capable  of  self-reproduction,  and  of  course  oxygenized,  and  yeast, 
not  an  inert  or  purely  chemical  substance.  These  bodies  appear  to 
belong  to  the  vegetable  kingdon,  and  are  generated  in  two  difierent 
modes.  They  appear  to  act  upon  a  solution  of  sugar  as  if  they  were 
alive,  whience  it  may  be  inferred,  that  it  is  in  all  probability  by  some 
effect  of  their 'vegetation  that  they  disengage  carbonic  acid  from  this 
solution  and  thus  convert  it  into  a  spirituous  liquor. 

In  a  valuable  memoir  by  T.  A.  Quevenne,t  the  author  arrives  at 
the  following  conclusions : — 1st.  Teast  is  a  substance  which  con- 
stantly presents  the  appearance  of  little  globules  of  nearly  uniform 
figures.  2d.  These  globules  appear  to  be  always  of  the  same  nature, 
whatever  their  origin.  3d.  It  is  the  insoluble  constituent  part  of 
these  globules  v/hich  is  apt  to  produce  fermentation^  and  not  the  ex- 
tractive matters  which  accompany  it.  4th.  The  globules  of  yeast 
can  efiect  the  decomposition  of  sugar  not  only  at  a  temperature  from 
10^  to  30*  or  40"  Cent.  (60**  to  86**  or  104**  F.),  but  even  at  the  heat 
of  boiling  water;  but,  with  this  difiference,  that  at  a  temperature  in- 
ferior to  50**  they  transform  the  sugar  into  alcohol  and  carbonic  acid, 
while  above  50**  (=^  122**  F.),  alcohol  appears  not  to  be  formed  ;  the 
only  gas  obtained  in  either  case  is  carbonic  acid.  5th.  Yeast,  du- 
ring the  alcoholization  of  sugar,  undergoes  a  thorough  modification. 
It  loses  all  its  nitrogen,  which  goes  to  form  ammonia,  by  which 
means  its  fermentative  power  is  completely  exhausted.  6th.  The 
globular  aspect  of  yeast,  and  its  principal  chemical  properties,  are 
sufiSicient  to  induce  us  to  regard  it  as  an  organic  substance  of  new 
formation ;  and  hence  fermentation  ought  not  to  be  considered 
merely  as  a  decomposition,  but  simply  as  a  modification  which  gives 
birth  at  one  and  the  same  time  to  products  both  organic  and  inorganic. 
7th.  The  circumstances  under  which  fermentation  takes  place,  and 
the  phenomena  which  accompany  it,  and  the  influence  which  a  great 
number  of  bodies  have  over  the  progress  of  the  operation,  are  of  a 
nature  to  induce  the  belief  that  it  is  actually  owing  to  a  sort  of  vege- 
tation, but  this  proposition  requires  additional  proof.§ 

Bespiration  of  Plants.  Edwards  and  Colin  have  instituted  e^cpe- j.  .  . 
riments  upon  the  respiration  of  plants  from  which  they  have  drawn  of  ^SmtM^ 
the  following  results  :<— 1st,  that  water  is  decomposed  ;  2d,  that  the 
oxygen  of  the  decomposed  portion,  unites  with  the  carbon  of  the  seed, 
and  forms  carbonic  acid  ^s ;  3d,  that  this  carbonic  acid  disengages 
itself  from  the  seed,  in  whole  or  in  part ;  and  4th,  the  other  portion 
of  the  decomposed  water,  the  hydrogen,  is  absorbed  by  the  seed,  in 
whole  or  in  part.  They  also  infer  from  their  experiments  that  re- 
spiration is  not,  as  it  has  been  hitherto  considered,  solely  a  function 
ofexcretion.il 


*  Jour.  PremkUn  Intt.  zzIt.  i  u.  t  Oompta  rendtu  de  l*2nttU.,  ISSr,  90S. 

t  Jour,  de  Pharm.  JuiUiet,  IStS.  f  See  Jow.  Pratikim  IiutU.  xziii.  1 19. 

I)  Axa.  dea.  Sei.  Nat.  Dec.,  isas,  and  Edin.  PhOot.  Jour.  Jalj,  1899. 
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Addenda. 

New  com- 
poand  of 
bicjanidc 
with  biooz- 
tde  of  mcr« 
cttiy. 


Preaenra- 

tion  of  po 
taaaiom. 


New  compound  of  Bicyemide  teith  Binoxide  of  Mercury. 
dilute  hydrocyanic  acid  is  digested  on  red  oxide  of  mercnr^ 
cess,  a  white  nearly  insoluble  compound  is  formed,  which  1 
separated  from  any  soluble  bicyanide  which  may  be  preseil 
supernatant  liquia  by  collecting  it  on  a  filter.     Boiling  wi 
solves  the  new  compound,  and  leaves  the  excess  of  oxide  of  vtk 
On  cooling,  the  salt  is,  in  a  great  measure,  deposited  on  the  sii 
bottom  of  the  vessel  in  minute,  pure,  white,  transparent,  pit 
needles.     This  salt  is  anhydrous,  its  solution  has  an  alkalini 
tion,  and  it  consists  of  equal  atoms  of  the  two  mercurial  compi 
or  it  is  (HyCyj-f-HyOa)'     When  heated  in  a  tube,   il   decoi^ 
with  a  slight  detonation,  giving  off  carbonic  acid,   nitrogeaj 
nogen,  and  metallic  mercury,  leaving  a  black  residue  (para4 
gen.)    Neutralized  by  nitric  acid,  it  gives  a  beautiful  salt  ini 
delicate,  quadrangular  prisms,  which  are  represented   by  HA 
(HyOa-f'iNOs),  and  are  very  soluble  in  water.     It  gives  also; 
acetic  acid,  a  crystalline  compound,  in  which  the  quantity  ofl 
appears  to  exist  in  a  still  smaller  proportion.     With  acid  nitii 

silver,  it  gives  Wohler's  salt  (HgGy,+AgN+4H),  nitrate  of  mi 
ry  remaining  in  solution.  With  neutral  nitrate  of  silver  and  t 
ous  other  salts,  it  gives  crystalline  compounds.* 

Preterpotion  of  PotoBsium.  Dr  Gale  has  stated  that  the  ol 
copaiva  contains  oxygen,  which  renders  it  liable  to  convert  potasa 
into  potassa,  forming  with  it  a  peculiar  species  of  soap ;  from  i 
periments  made  upon  several  specimens  of  the  balsam*  the  oil  • 
tained  from  them  afforded  similar  results,  and  he  is  of  opinion  u 
Emulain.     no  substance  hitherto  used  will  supply  the  place  of  naphtha.! 

Emulsin.  The  following  process  has  been  employed  for  obtc 
ing  emtdstTi^  by  Thomson  and  Richardson.  Sweet  almonds  ir^ 
triturated  in  a  mortar  and  small  portions  of  water  gradually  add 
until  a  milky  fluid  was  obtained.  This  fluid  was  mixed  with  k 
times  its  vol.  of  ether  and  frequently  agitated  so  as  to  efiect  an 
timate  mixture.  A  clear  fluid  gradually  separated  at  the  bottom 
the  stoppered  bottle  in  which  the  experiment  was  made,  which 
the  course  of  three  weeks  was  drawn  off  by  means  of  a  syphon.  1 
fluid  was  Gltered,  and  to  one  half  of  the  clear  solution  a  larg^e  qu; 
tity  of  alcohol  was  added  ;  a  copious  precipitation  of  white  flo 
ensued ;  these  were  emuUin,  Washed  with  alcohol,  and  dried  o 
sulphuric  acid  in  the  vacuum  of  an  air  pump,  it  was  obtained  in 
state  of  a  white  powder,  without  taste  or  smell,  soluble  in  tvater, 
soluble  in  alcohol  and  ether.  Its  analysis  gave  the  relation  of 
carbon  and  nitrogen  as  GCOj:  IN  or  3C:  IN.  When  boiled  ^i 
baryta,  ammonia  was  disengaged,  and  from  the  experiments  it  v 
inferred  to  be  an  amide,  and  the  salt  formed  with  baryta  to  be  a  cc; 
pound  of  baryta  and  emtdHc  acid.  The  authors  are  inclined  to  in 
that  fibrin,  gelatin,  casein,  &c.  are  all  amides.t 


*  Johnstoo  in  Eighth  Report  of  British  Aswcto/ion,  69. 

t  Amer.  Jour.  zzi.  64.  t  Eighth  Report  of  BritiiA  Aasoe.  48. 
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Chtmieal  Fnmmim.  Various  obangea  hftTe  been  made  in  cbemical  formula.  Thus 
fieraelius  now  uaea  HO,  KO,  FeS,  instead  of  H-K),  K-K),  Fe+S,  for  water,  potaaa,  and 
■ulphuret  of  iron. 

The  formula  for  apopbyllite  is  now  8  Ca  Sl  4-  KSt  +  16  aq ;  the  8  denoting  8  eq.  of 


CaSi,  or  silicate  of  lime,  which  are  united  with  1  eq.  of  bisilicate  of  potaasa,  and  16  of  water. 
The  system  of  Liebig  and  Poggendorff  is  based  upon  the  following  principles.  Numbers 
are  placed  bdmo  and  to  the  right  of  the  symbols  which  affect  those  to  which  they  are  at* 
taehed.  Numbers  are  placed  brfof  the  symbols  which  affect  all  that  follow  as  far  as  the 
next  full  stop  or  sicn  or  addition.  A  6gure  placed  before  a  parenthesis  applies  to  all  con- 
tained within  it    The  same  compound  may  therefore  be  wntten  in  different  ways.    Thus 


««•    •••' 


the  constitution   of  a   crystal  of  alum   is  represented  by  KS  +  A  ISt  +  ZAH,  or  KO, 

BO, -f  AlaOs,  3SOs -f  S4  aa. 

To  distinguish  water  in  mfferent  states  of  combination  laebig  and  Poggendorff  propose 
to  eipress  water  of  crystallization  by  aq.  When  the  water  is  more  powerAillv  retained 
and  tne  compounds  are  more  permanent,  or  in  the  state  of  iky^olet,  the  water  is  denoted  by 

an  h  attached  to  the  symbol  of  the  substance  containing  it.    Thus  A  being  the  symbol  of 

acsetic  acid,  Ah  is  the  symbol  of  the  hydrate ;  M^O,Mh  +  4  aq.  denotes  the  malate  of 
magnesia  and  5  eq.  of  water,  but  distinguishes  4  of  these  as  water  of  crystallization,  while 
the  fiflh  is  united  with  the  malic  acid  and  forms  with  it  a  hydrate.  The  symbol  HO  is 
used  in  doubtful  cases,  and  when  changes  effected  by  chemical  action  are  explained.  L. 
and  T.  240. 

fFoUattan*s  Sifnoptic  Scale  of  Chemiad  E^ioalenU*  The  scale  consists  of  a  moveable 
slider  with  a  series  of  numbers  upon  it,  from  10  to  320,  on  each  side  of  which  and  on  the 
fixed  part  of  the  scale,  are  set  down  the  names  of  Tarioua  chemical  aubstances. 

The  scale  is  founded  on  the  constancy  of  composition  in  chemical  compounds  (106) ;  the 
equivalent  power  of  the  quantities  that  enter  into  combination  (108) ;  and  the  proper- 
ties  of  a  logometric  scale  of  numbers. 

The  numbers  am  so  arranged,  that  at  equal  intervals  they  bear  the  same  proportion  to 
each  other.  The  student  wul  easily  observe  and  understand  this,  by  measuring  a  few  dis- 
tances upon  the  scale  with  a  pair  of  compasses,  or  even  a  piece  or  paper.  Ii  his  paper 
extend  from  10  to  20,  it  will  also  extend  from  20  to  40,  or  from  55  to  1 10,  or  from  160  to  320. 
Whatever  number  is  at  the  upper  edge  of  the  paper  will  be  doubled  at  the  lower.  If  any 
other  dutance  be  taken,  the  same  effect  will  be  observed.  If,  for  instance,  the  paper  ex- 
tends from  10  to  14,  then  any  other  two  numbers  found  at  its  upper  and  lower  eage  w)l| 
be  in  the  same  proportion  as  these  two  numbers  10  and  14.  Thus  make  the  up|ier  number 
100,  and  the  lower  number  will  be  140. 

Now  supposing  that  the  paper  were  cut  of  such  a  width  that,  one  of  its  edges  being  ap- 
plied upon  the  scale  to  the  number  representing  the  equivalent  of  one  body,  the  6lhet 
should  coincide  with  the  number  of  the  equivalent  of  a  second  body ;  then  upon  moving 
the  paper,  wherever  it  was  placed  over  the  numbers,  those  at  its  upper  and  lower  edges 
would  still  represent  the  corres)K>nding  proportional  quantities  of  the  two  bodies  as  accu- 
rately as  at  nrst,  because  the  numbers  at  equal  distances  on  the  scale  are  proportional  to 
each  other.    Thus  suppose  the  upper  edge  were  made  to  coincide  with  40  ana  the  lower 

*The  paper,  by  its  anther,  deMiibiag  the  asals  is  inseited  in  the  PhtUp§9phieai  ThnuaOiafiM 
lor  tSU. 
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with  78,  than  the  upper  edge  ini^t  bo  called  sulphuric  acid,  and  the  lower  baryta ;  and 
this  width  once  aacertained,  the  paper  wherever  applied  opoo  the  scale,  would  shew  at  its 
lower  edge  the  quantity  of  baryta  neceasary  to  coinbiDe  with  the  quantity  of  aulphoiic 
acid  indicated  by  its  upper  edge 

It  is  evidently  of  no  consequence  whether  the  paper  be  moved  up  and  down  over  the 
the  scale,  or  the  line  of  numbers  be  moved  higher  and  lower,  to  bring  its  different  paita  to 
the  edges  of  the  paper.  And  supposing  the  piece  of  paper  just  described  to  be  psated 
upon  the  side  of  the  scale,  then  by  moving  the  latter  any  of  the  numbers  might  be  made  to 
coincide  with  the  upper  or  lower  edge  at  pleasure,  and  consequently  the  quantity  of  sul- 
phuric acid  necessary  to  combine  with  any  quantity  of  baryta,  and  vice  versa,  ascertained 
oy  mere  adjustment  and  inspection  of  the  scale.  Or  if,  instead  of  referring  to  the  separate 
piece  of  paper,  marks  were  to  be  made  on  the  side  of  the  scale  at  40  and  76,  and  named 
sulphuric  acid  and  baryta,  the  same  object  would  be  attained,  and  the  same  method  of  in- 
quiry rendered  available. 

Other  substances  are  to  be  put  down  upon  the  scale  exactly  in  the  same  manner.  Thua 
the  scale  being  adjusted  until  the  number  40  coincides  with  the  sulphuric  acid  already 
marked,  then  sulphate  of  baryta  is  to  bo  written  at  118,  and  thus  its  place  ia  aaoertained  ; 
nitrate  of  baryta  at  133 ;  soda  at  32 ;  sulphate  of  soda  at  72;  and  a  similar  pnteess  is  to  be 
adopted  with  every  substance,  the  number  of  which  has  been  ascertained  by  ezpeiiment. 
The  instrument,  which  in  this  state  merely  represents  the  actual  numbers  supplied  by  ex- 
periment, will  f  lithfully  preserve  the  proportions  thus  set  down,  whatever  the  variation  of 
the  position  of  the  slidnr  may  be.  It  is  therefore  competent  to  change  all  the  numerical 
expressions  to  any  degree  required,  the  knowledge  of  one  only  being  sufficient  first  by  ad- 
justment, and  then  by  inapection  to  lead  to  the  rest. 

A  few  illustrations  of  the  powers  and  uses  of  this  scale  will  be  aufficient  to  make  the 
student  perfect  master  of  its  nature  and  applications.  Suppose  that  in  analysing  a  mineral 
water,  tne  sulphates  in  a  pint  of  it  have  oeen  decomposed  by  the  addition  of  muriate  of 
baryta,  and  the  resulting  sulphate  of  baryta  washed,  dried,  and  weighed  :  from  its  qoantitj 
may  be  deduced  the  exact  quantity  of  sulphuric  acid  previously  existing  in  the  mineru 
water.  Thus,  if  the  sulphate  of  baryta  amount  to  43.4  grains,  the  slider  is  to  be  moved 
until  that  number  is  opposite  to  sulplutU  of  baryta,  and  then  at  nUpkuric  acid  will  be  ibtind 
the  (}uantity  required,  namely  14.7  grains.  In  the  same  manner  the  scale  will  cive  infor- 
mation of  the  quantity  of  any  substance  contained  in  a  given  weight  of  any  of  its  cobb- 
pounds ;  these  having  previously  been  deduced  from  experiment,  and  accurately  set  down 
en  the  table  in  the  rpanner  just  explained. 

If  it  be  desired  to  know  how  much  of  one  substance  must  be  used  in  an  experiment  to 
act  upon  another,  il  is  evident  that  the  equivalent  must  be  taken,  and  this  ma^  be  learned 
from  the  scale.  Suppose  thata  pound  of  sulphate  of  baryta  has  been  mixed  with  charcoel, 
and  well  heated,  to  convert  it  into  a  sulpburet,  and  that  by  the  addition  of  nitric  acid  it  is 
to  be  converted  into  nitrate  of  baryta.  The  quantity  of  acid  which  will  probably  be  re- 
quired may  be  loarned  by  bringina  100  to  sulphate  of  baryta,  and  then  by  looking  ibr  the 


quently  that  61  hundredth  parts,  or  somewhat  above  six-tonths  of  a  pound  of  such 
will  be  sufficient  for  the  pound  of  sulphate  of  baryta  operated  with. 

If  a  certain  weight  of  carbonate  of  baryta  be  required  in  that  moist  and  finely  divided 
state,  in  which  it  is  obtained  by  precipitation,  and  in  which  il  cannot  be  weighed,  the  aeca- 
racy  of  the  quantity  may  be  insured  by  taking  the  equivalent  of  dry  munate,  or  nitrate 
of  oaryta,  precipitating  it  by  an  excess  of  carbonate  of  potassa,  and  then  washing  off  the 
the  salts  wnich  remain  in  solution.  Suppose  100  grains  of  the  carbonate  were  required ; 
by  bringing  that  number  to  carbonate  or  baryta,  it  will  be  found  that  the  quantity  of  dry 
muriate  necessary  will  be  105.8  parts,  and  the  quantity  of  nitrate  133.4;  and  if  thequaotity 
of  carbonate  of  potassa  necessary  for  this  purpose  be  also  required,  it  will  be  found  oppo- 
site the  name  or  that  substance  on  the  scale,  to  be  a  little  less  than  70  parts.,  so  that  5  or  10 
parts  more  will  ensure  a  satisfactory  excess. 

The  second  paragraph  of  Wollaston's  description  of  this  scale  may  be  transcribed,  as  a 
ftirther  illustration  of  the  powers  of  the  instrument.  "  If,  for  instance,  the  salt  under  ex- 
amination be  the  common  blue  vitriol,  or  crystallized  sulphate  of  copper,  the  first  obTioos 
questions  are— (1)  How  much  sulphuric  acid  does  it  contain.^  (9^  How  much  oxide  of 
copper .'  (3)  How  much  water  ?  He  [the  analytic  chemist]  may  not  be  satified  with  tbese 
first  steps  in  the  analysis,  but  may  desire  to  know  forther  the  quantities  (4^  of  sulphur,  (S) 
of  copper,  (6;  of  oxygen,  (7)  of  hydrogen.  As  means  of  raining  this  informatioo,  be 
natorafly  oonaiden  the  quantity  of  various  reagents  that  may  be  employed  for  diacsovering 
tha  quantity  of  sulphuric  acid  (8),  how  mucblMiyta,  (9)  carbonate  of  baryta,  or  (10)  idtxate 
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of  baiytoy  would  be  raquiinte  for  this  purpose  ?  (11)  How  much  lead  is  to  be  used  in  tbe 
form  of  (12)  nitrate  of  lead ;  and  wben  tbe  precipitate  of  (13)  sulubate  of  baryta,  or  (14) 
■olpbate  of  lead  are  obtained,  it  will  be  neceseary  that  be  should  also  know  the  proportion 
whioh  either  of  them  contains  of  dr?  sulphuric  acid.  He  may  also  endeavour  to  ascertain 
the  same  point  by  means  of  ^15)  tne  quantity  of  pure  potassa,  or  (lf>)  of  carbonate  of 
potassa  requisite  ior  the  precipitauon  of  the  copper.  He  might  also  use  (17)  zinc,  or  (18) 
iron  for  the  same  purpose,  and  he  may  wish  to  know  the  Quantities  or  (19)  sulphate  of 
zinc,  or  (20)  sulphate  of  iron,  that  wilt  then  remain  in  tbe  solution." 

All  these  questions  and  points  are  answered  by  moTing  the  slider  until  the  number  ex- 
Messing  the  quantity  operated  with  coincides  with  smphaU  of  comter  crystallized.  5, 
JFater,  Let  it  for  instance  be  100  :  this  being  brought  opposite  crystallized  sulphate  of  cop- 
per, the  information  relative  to  all  the  above  points,  except  the  sixth  and  seventh,  is  sup- 
plied by  mere  inspection.  The  sixth  may  be  supplied  by  substracting  (0)  the  quantity  of 
copper  from  {2)  toe  quantity  of  oxide  of  copper,  or  by  halving  the  quantity  at  2  oxygen, 
or  taking  the  third  of  that  at  3  oxygen.  The  seventh  relates  to  the  quantity  of  hydro- 
gen in  the 5  water  present  in  the  salt;  this  quantity  of  hydrog(:n  does  not  come  with- 
m  ike  line  of  numbers,  but  may  easily  be  obtained  by  doubling  the  quantity  of  water, 
or  doubling  the  quantity  of  the  salt  used,  which  will  then  bring  1<)  hydrogen  into  tbe  scale, 
and  the  half  of  this  is  to  be  taken  as  the  quantity  in  5  water,  or  in  100  grains  of  the  salt. 
Putting  therefore  200  to  sulphate  ef  copper;  10  hydrogen,  is  indicated  as  17  parts  nearly, 
when  of  course  the  half  of  this,  or  84  parts  is  the  quantity  in  100  grains  of  the  crystallized 
salt  of  copper. 

Whenever  it  thus  happens  that  the  number  known  or  the  number  sought  for  is  out  of 
tbe  scale,  then  some  convenient  multiplier  of  the  numbers  may  be  used.  The  most  con- 
venient method  is  to  use  the  tens  or  the  hundreds  as  units,  or  what  is  tbe  same  thing,  to 
consider  for  the  time  that  decimal  points  are  inserted  between  the  units  and  the  tens,  or 
between  the  tens  and  the  hundreds  of  all  the  numbers  on  the  scale.  Thus  if  it  were 
required  to  ascertain  how  much  magnesia  and  sulphuric  acid  were  contained  in  a  pound  of 
crystallized  sulphate  of  magnesia,  no  1  exists  upon  the  scale,  and  of  course  no  fractions  or 
small  parts  of  1 ;  but  imagine  decimal  points  between  the  tens  and  the  hundreds,  then  10  upon 
the  scale  becomes  one-tenth,  22  twenty  two  hundredths,  100  one,  220  two  and  two- ten  the 
and  so  on.  Bringing  therefore  100  to  crystallized  sulphate  of  magnesia,  it  represents  the 
1  pound,  and  by  inspection  it  will  be  found  that  it  contains  16  hundredths  of  a  pound  of 
magnesia,  and  32^  hundredths  of  a  pound  of  sulphuric  acid. 

As  another  illustration ;  suppose  tnat  the  quantity  of  magnesia  in  50  lbs.  of  crystallized 
Epsom  salt  were  required  ;  upon  bringing  50  opposite  the  name  of  the  salt,  the  quantity  of 
magnesia  will  be  found  smaller  than  any  quantity  expressed  upon  the  scale  :  but  all  that  is 
necessary  to  obtain  the  answer  is,  to  double  the  quantity  of  the  salt,  and  then  to  halve  the 
quantity  of  magnesia  indicated ;  in  which  way  it  will  be  found  that  the  50  lbs.  contain 
about  8  lbs.  of  the  oxide. 

These  Synoptic  scales  are  generally  constructed  of  paper  or  wood.  It  is  almost  impos- 
sible that  tdey  should  be  accurate,  because  of  the  extension  and  contraction  of  the  paper,  and 
the  facility  with  which  it  yields  to  mechanical  impressions,  and  may  be  stretched  when  in 
a  moistened  state.  These  scales  should  never  be  considered  as  accurate  when  they  first 
come  from  the  instrument-maker.  They  may  be  examined  by  a  pair  of  compasses  or  a 
a  piece  of  paper,  as  before  described  (p.  513),  to  ascertain  how  nearly,  equal  intervals  on 
the  scale  or  numbers,  accord  with  equal  proportions  between  the  numbers  at  tbe  extremi- 
ties of  those  intervals  and  thus  the  degree  of  error  in  them,  and  the  part  where  it  exists 
to  the  greatest  extent  may  be  observed  :  but  it  will  be  useless  to  do  so,  with  the  view  of 
finding  one  so  accurate  as  to  dispense  with  calculation  in  exact  analytical  experiments. 

Those  scales,  which  are  laid  down  directly  upon  wood,  though  not  liable  to  the  same 
sources  of  error  as  tbe  paper  scales,  are  still  seldom,  if  ever,  so  accurate  as  to  compete  with 
calculation. 

The  errors  just  referred  to,  relate  to  the  accuracy  of  the  scale  of  numbers,  and  its  pro- 
portional value  in  every  part.  Others  relate  to  the  imperfect  and  inaccurate  results  of  the 
experiments,  by  which  the  numbers  representing  the  equivalent  or  combining  quantities  of 
bodies  are  obtained.  If  an  inaccurate  result  be  mistaken  for  a  correct  one,  and  the  pro- 
portional number  of  a  body  be  entered  erroneously  upon  the  scale,  it  is  evident  that  all 
estimations  of  substances  including  that  body,  which  are  given  by  the  scale,  must  involve 
this  original  inaccuracy.  Whenever  therefore  a  more  accurate  determination  of  the  num- 
ber of  a  body  is  obtained  than  was  before  possessed,  its  place  on  the  scale  should  be  cor- 
rected ;  and  as  the  equivalent  numbers  of  substances,  previously  undetermined,  are  satis- 
factorily ascertained,  the  substances  themselves  shoulo  be  put  upon  the  scale  in  their 
proper  situations,  as  before  described. 

In  Gonse(|uence  of  the  unavoidable  errors  in  tbe  scale  of  numbers,  which,  however 
small,  still  interfere  in  the  investigation  of  complicated  cases,  and  the  determination  of 
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JIppMaix* 


aoenrate  coliolaBioiu,the  inftniment  ifaoold  only  be  uMd  in  thoM  imtanow  when  aaco* 
racy  within  a  certain  decree  is  rafficient  ibr  the  purpoae.  All  nicer  raaulti  ahonld  be 
obtained  br  calculation  nom  a  taiU  of  eqaivalents:  if,  ibr  inetance,  the  quantity  ef  aol* 

Sburic  acid  in  64.7  graini  of  iulphate  of  baiyta  were  required  to  two  or  tbxee  placea  of 
ecimaJs,  it  would  be  better  to  take  the  equiTalent  numbers  of  eulnhate  of  baryta  and 
salphuric  acid  firom  auch  a  table,  and  to  say,  aa  the  first  number  is  to  we  second,  so  is  64.7 
to  the  quantity  of  sulphuric  acid  it  contains,  than  to  work  with  the  scale.  The  present 
determination  of  the  sulphate  of  baryta  is  118,  and  that  of  snlphurio  aoid  40,  hydrogen 
being  1  or  unity,  and  as  116  is  to  40,  so  is  64.7  to  91. 982 very  nearly.  It  will  be  impossi- 
ble to  ascertain  this  last  number  accurately  on  an  ordinary  scale,  or  to  obaerre  how  &r  it 
differs  firom  22. 

There  are  numerous  tables  of  equiralents  puMisbed  in  diflbrent  chemioal  worka. 
Whichever  may  be  adopted  should  be  examined  nrom  time  to  time,  and  the  nambeis  afiz- 
ed  to  bodies  on  it  corrected,  whenever  they  are  more  accurately  determined. 

It  has  been  shewn  by  Gay-Lussac  and  others  that  all  gases  and  alt  volatile 


when  in  the  state  of  vapour,  combine  or  act  chemically  in  volumes,  whioh  have  veir  aimnle 
relations  to  each  other.  These  volumes  once  ascertained,  may  be  considered  in  the  rua- 
tion  of  equivalents,  and  their  proportions  ate  so  simple,  as  to  Iw  remembered  without  the 
least  difficultv  :  it  is  therefore  highly  advantageous  in  all  tables  of  chemical  equivalenta,  to 
place  amall  diajpams  by  the  sides  of  the  substances  and  their  numbers,  which  may  repreeent 
the  volumes  or  the  equivalents  when  brought  into  the  state  of  gas  or  vapour.  Fot  it  re- 
quires no  great  fiower  of  discernment  to  perceive  that,  if  bodies  combine  in  definite 
weights,  and  also  in  simple  ratios  of  volumes,  these  volumes  so  combining  must  contain 
the  weightsprevionsly  found  to  be  definite  :  for  whether  two  sobstances  whioh  combine 
to  form  a  thud,  are  observed  by  weight  or  volume,  still  they  combine  only  in  one  pro- 
portion. 
So  arranged,  the  table  will  have  an  appearance  of  the  following  kind : 


Hydrogen 
Oxygen    • 
Chlorine 
Iodine 
Water      - 
Muriatic  aoid 
Hydriodio  acid, 
Ammonia 


1 

8 

36 

125 

9 

37 

196 

17 


and  will  be  found  very  usefol  when  reforred  to  for  gaseoui 


D 

CD 

D 

n 
n 

m 
m 

or  vaporous  snbetances.    The 


proportions  of  these  volumes  are  much  more  easily  remembered  than  the  proportions  of 
their  equivalent  numbers ;  which,  added  to  the  facility  with  which  the  bulk  ofgases  or 
vapours  are  ascertained,  may  often  properiy  induce  the  chemist  to  dispense  with  the  deter- 
mmationof  weights,  and  .work  with  volumes  only.* 


*  Fteaday*s  demtooi 


J3pf»9tdi9, 


617 


TABLE  I. 

%e  following  are  the  resuUs  obtained  by  a  commission  appointed  by  the 
Parisian  Aeadamf  qf  Sdenees  to  examiiie  iht  dasUcforee  of  tfopour,*  They  were 
obtained  by^  expenmeni  ypto  a  pressure  of  525  ahnosjJierUt  and  at  higher  pressures 
by  cakulaHon, 


KlMtleitj  of  tht  Tap. 

Tampentttn  accord* 

EUwUchf  of  the  r^p. 

Temperature  accord* 

ing  CO  Fahr. 

taking  atmoapheric 

ing  10  Fahr. 

pTMi.  M  unity. 

pnm.  aa  nnitj. 

1 

212P 

13 

380.66° 

H 

233.96 

14 

886.94 

r 

850.53 

15 

398.86 

^ 

963.84 

16 

398.48 

3 

875.18 

17 

403.82 

31 

2^.08 

18 

408.98 

4 

2'.>a  78 

19 

413.78 

4 

30)28 

20 

418.46 

5 

:iii7.5 

81 

422.96 

4 

314  24 

88 

487.28 

6 

»2{)  3C 

83 

43142 

4 

:t:iii.26 

84 

435.56 

7 

331.70 

85 

439.34 

74 

336.86 

3d 

457.16 

8 

341.78 

35 

478.73 

9 

350.78 

40 

486.59 

10 

358.88 

45 

491.14 

11 

366.85 

50 

510.60 

12 

374.00 

*  Bnnde*s  Jawr.  N.  S.  viii ;  191. 
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Jippendix. 


TABLE  II. 

Table  of  the  Elastic  Farce  of  Aqueous  Vapour  at  different  Temperatures^ 

tiprtssed  m  huku  t(fMarewry, 


Force  of  Vapour. 

Force  of 

Vapour. 

Force  of  Vapour. 

TEMP. 

TEMP. 
P«h. 

TBMP. 

DAlton. 

Un. 

Oalion. 

Vi« 

Dahoa. 

Ui«. 

aa^" 

0200 

0J200 

79° 

0.971 

126° 

a89 

33 

0^207 

80 

LOO 

1.010 

127 

4.00 

34 

0214 

81 

1.04 

128 

4.11 

35 

OJ221 

82 

1.07 

129 

422 

36 

0239 

83 

1.10 

130 

434 

4366 

37 

0237 

84 

1.14 

131 

4.47 

38 

0245 

85 

1.17 

1.170 

132 

4.60 

39 

0^254 

86 

1.21 

133 

4.73 

40 

0J263 

Oi250 

87 

li24 

134 

486 

41 

0273 

88 

1.28 

135 

5.00 

5w070 

42 

0283 

89 

1.32 

136 

.5.14 

43 

0^294 

90 

1.36 

1.360 

137 

5J29 

44 

0.305 

91 

1.40 

138 

5.44 

45 

0316 

92 

1.44 

139 

5ii9 

46 

0.328 

93 

1.48 

140 

5.74 

5w770 

47 

0.339 

94 

1.53 

141 

5.90 

48 

0.351 

95 

L58 

1.640 

142 

6.05 

49 

0.363 

96 

1.63 

143 

6.21 

50 

0.375 

0.360 

97 

1.68 

144 

037 

51 

0.388 

98 

1.74 

145 

053 

&600 

52 

0.401 

99 

1.80 

146 

O70 

53 

0415 

100 

1.86 

1.860 

147 

6.87 

54 

0.429 

101 

1.92 

148 

7.05 

55 

0.443 

0416 

102 

1.98 

149 

7iB 

56 

0.458 

103 

2.04 

150 

7.42 

7.530 

57 

0.474 

104 

2.11 

151 

7.61 

58 

0.490 

105 

218 

2.100 

152 

7.81 

59 

0.507 

106 

225 

153 

aoi 

60 

0.524 

0.516 

107 

2.32 

154 

8.20 

61 

0.542 

108 

2.39 

155 

a40 

8.500 

62 

0.560 

109 

2.46 

156 

aoo 

63 

0.578 

110 

253 

2.456 

157 

8.81 

64 

0.597 

111 

2.60 

158 

9.03 

65 

0616 

0.630 

112 

2.68 

159 

9J24 

66 

0.635 

113 

27^6 

160 

9.46 

9.600 

^ 

0655 

114 

284 

161 

9.68 

68 

0.676 

115 

2.92 

2.820 

162 

9.91 

69 

0.698 

116 

aoo 

163 

1015 

70 

0.721 

0.726 

117 

ao8 

164 

10.41 

71 

0.745 

118 

ai6 

165 

1068 

1O800 

72 

0.770 

119 

3.25 

166 

10.96 

73 

0.796 

120 

3.33 

2.300 

167 

1L25 

74 

0.823 

121 

a42 

168 

\IM 

75 

0.851 

0.860 

122 

3.50 

169 

11.83 

76 

0.880 

123 

3.59 

170 

12.13 

12050 

77 

0.910 

124 

a69 

171 

1243              1 

78 

0.940 

125 

a79 

a830 

172 

12.73              1 

Jlppendix. 
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TABLE  IL— CowTiNUED. 


Force  of  Vapour. 

Force  of  Vapour. 

Force  of  Vapour.      \ 

TKMP. 
rah. 

1 

TEMP. 

Fah. 

TKMP. 

Fah. 

• 

D«ltoa. 

ITr*. 

m   ^i*«« 

Daltpn. 

Urr. 

0*1  ton. 

Urm. 

173° 

iao2 

* 

224° 

37.53 

275° 

8ai3 

9a480 

174 

13^ 

225 

38i20 

39.110 

276 

84^5 

175 

ia62 

13.550 

226 

38.89 

40.100 

277 

85.47 

97.800 

176 

ia92 

227 

39.59 

278 

8d50 

177 

14i22 

228 

40.30 

279 

87.63 

101.600 

178 

1452 

229 

41.02 

280 

8a75 

101.900 

179 

14^ 

230 

41.75 

4aioo 

281 

89.87 

104.400 

180 

15wl5 

15.160 

231 

42.49 

282 

90.99 

181 

15.50 

232 

4a24 

283 

92.11 

107.700 

182 

15.86 

233 

UM 

284 

93.23 

183 

ia23 

234 

44.78 

4a800 

285 

94.35 

112JJ00 

184 

ia6i 

235 

45.58 

47.220 

286 

95.48 

185 

17.00 

16.900 

236 

46.39 

287 

96.64 

114.800 

186 

17.40 

237 

47  j» 

288 

97.80 

187 

17.80 

238 

48.02 

50.300 

289 

98.96 

118.200 

188 

isjao 

239 

4a84 

290 

100.12 

120.150 

189 

ia60 

240 

49.67 

51.700 

291 

101.28 

190 

19.00 

19.000 

241 

50.50 

292 

102.45 

12ai00 

191 

19.42 

242 

51.34 

53.600 

293 

103.63 

192 

19.86 

243 

52.18 

294 

104.80 

12a700 

193 

20.32 

244 

5SJ03 

295 

105.97 

129.000 

194 

20.77 

245 

53.88 

56.340 

296 

107.14 

195 

21J22 

21.100 

246 

54.68 

297 

108.31 

13a900 

196 

21.68 

247 

55.54 

298 

109.48 

137.400 

197 

22.13 

248 

56.42 

60400 

299 

110.64 

198 

22.69 

249 

57;}1 

300 

111.81 

139.700 

199 

2ai6 

250 

5851 

61.900 

301 

112.98 

200 

2a64 

2a600 

251 

59.12 

63.500 

302 

114.15 

144.300 

201' 

24.12 

252 

60.05 

303 

115.32 

147.700 

202 

24.61 

253 

61.00 

304 

iiaso 

203 

25.10 

254 

61.92 

6a700 

305 

117.68 

150.560 

204 

25w61 

255 

62.85 

67.25 

306 

118.86 

154.400 

205 

26.13 

25.900 

256 

6a76 

307 

120.03 

206 

2a66 

257 

64.82 

69.800 

308 

121.20 

157.700 

207 

27i» 

258 

65.78 

309 

122.37 

208 

27.74 

259 

6a75 

310 

12a53 

161.300 

209 

28i29 

260 

67.73 

72.300 

311 

124.69 

164800 

210 

28.84 

28.880 

261 

6a72 

312 

125.85 

167.000 

211 

29.41 

262 

69.72 

75.900 

313 

127.00 

212 

30.00 

30.000 

263 

70.73 

314 

128.15 

213 

30.60 

264 

71.74 

77.900 

315 

129i» 

214 

31JJ1 

265 

72.76 

7a040 

316 

13a43 

215 

31.83 

266 

7a77 

317 

131.57 

216 

32.46 

33.400 

267 

74.79 

81.900 

318 

132.72 

217 

33.09 

268 

75.80 

319 

13a86 

218 

33.72 

269 

76.82 

84.900 

320 

135.00 

219 

34.35 

270 

77.85 

86.300 

321 

136.14 

220 

34.99 

35.540 

271 

78.89 

88.000 

322 

137.28 

221 

35.63 

36.700 

272 

79.94 

323 

13a42 

222 

36.25 

273 

80.96 

91J200 

324 

139.56 

223 

3^88 

274 

82.01 

325 

140.70 

620 


TABLE  III. 

Dr  XJre^i  Tablb,  ikowing  the  Elastic  Farce  of  the  Vapours  of  Alcohol  and 
Eiher  ctf  i^fireni  TemparaUartSj  txpitmtd  m  inchts  ofMercunf. 


Ether. 

1 

Alcohol  •( 

1 

1.  gr.  0  813. 

Alcohol  ip 

.  gr.  0.813. 

T-p. 

Pofw  of  Vapoor. 

T6«p. 

Fwrovol  V«pour. 

Tvaip. 

f^arw«r  Vapow. 

34^ 

d20 

2St 

0.40 

1903 

4&60 

44 

aio 

40 

0.56 

1903 

50.10 

54 

10^ 

45 

0.70 

200 

53.00 

64 

10.00 

50 

0.86 

206 

60.10 

74 

laio 

55 

1.00 

210 

65.00 

84 

20.00 

60 

1^23 

214 

69.30 

94 

24.70 

65 

1.49 

216 

TiSO 

104 

30.00 

70 

1.76 

220 

7&50 

105 

SOiX) 

75 

2.10 

225 

87.50 

110 

32L54 

80 

2.45 

230 

94.10 

115 

35^ 

85 

2.98 

232 

97.10 

lao 

39.47 

90 

a40 

236 

103.60 

125 

43J24 

95 

3.90 

238 

106.90 

130 

47.14 

100 

4.50 

240 

111.24 

135 

51.90 

105 

5i20 

244 

118.20 

140 

5a90 

110 

aoo 

247 

122.10 

145 

62.10 

115 

7.10 

248 

12ai0 

150 

67,60         1 

120 

8.10 

249.7 

131.40 

155 

73j60 

125 

9J25 

250 

132J30 

160 

80.30 

130 

10.60 

252 

13a60 

165 

86.40 

135 

12.15 

254.3 

14a70 

170 

^2.80 

140 

ia90 

25a6 

151.60 

175 

99.10 

145 

15.95 

260 

155J30 

180 

108.30 

150 

laoo 

262 

161.40 

185 

iiaio 

155 

20.30 

264 

166J0 

190 

124.80 

160 

22.60 

195 

13a70 

165 

25.40 

200 

142.80 

170 

2a30 

205 

151.30 

173 

30.00 

• 

210 

166.00 

178.3 
180 
182.3 
185.3 

190 

43i» 

■ 

Jt^ndir. 
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TABLE  IV. 

Dr  Ure's  Table  of  the  Quantity  of  (HI  of  VUHol,  of  sp.  gr.  1.8485,  and 
ofAnhxfdrous  Actd,  in  100  Parts  ofdUvU  Sulphtaic  Add,  at  different  Denaiiies. 


Liquid. 

Sp.  Gr. 

Dry. 

Liquid. 

Sp.  Gr. 

Dry. 

Liquid. 

Sp.  Gr. 

Dry. 

100 

1.6485 

SIM 

66 

1.5503 

5a82 

32 

1J2334 

2ao9 

99 

1.8475 

80.72 

65 

1.5390 

5aoo 

31 

1.2260 

25i28 

96 

1.8460 

79,90 

64 

1.5280 

52.16 

30 

1.2184 

24.46 

93^ 

1.8439 

79.09 

63 

1.5170 

51.37 

29 

1.2108 

23.65 

96 

1.8410 

7a28 

62 

1.5066 

50.55 

28 

1.2032 

22.83 

95 

1.8376 

77.46 

61 

1.4960 

49.74 

27 

1.1956 

22.01 

94 

1.8336 

7^65 

60 

1.4860 

48.92 

26 

1.1876 

21.20 

93 

1.8290 

75.83 

59 

1.4760 

48.11 

25 

1.1792 

20.36 

92 

1.6233 

75.02 

58 

1.4660 

47.29 

24 

1.1706 

19.57 

91 

1.8179 

74i20 

57 

1.4560 

4a48 

23 

1.1626 

ia7$ 

90 

1.8115 
1.6043 

73.39 

56 

1.4460 

45.66 

22 

1.1549 

17.94 

69 

72.57 

55 

1.4.360 

44.85 

21 

1.1480 

17.12 

86 

1.7962 

71.75 

54  . 

1.4265 

44.03 

20 

1.1410 

16.31 

87 

1.7870 

70.94 

53 

1.4170 

43.22 

19 

1.1330 

15.49 

86 

L7774 

70.12 

52 

1.4073 

42.40 

18 

1.1246 

14.66 

85 

1.7673 

69.31 

51 

1.3977 

41.58 

17 

1.1165 

13.86 

84 

1.7570 

6a49 

50 

1.3884 

40.77 

16 

1.1090 

13.05 

83 

1.7465 

67.68 

49 

IJ37&& 

39.95 

15 

1.1019 

12.23 

82 

1.7360 

6&66 

46 

1.3697 

39.14 

14 

1.0953 

11.41 

81 

1.7245 

66.05 

47 

1.3612 

38.32 

13 

1.0887 

10.60 

80 

L7120 

65.23 

46 

1.3530 

37.51 

12 

1.0809 

9.78 

79 

1.6993 

64.42 

45 

1.3440 

3a69 

11 

1.0743 

a97 

78 

1.6870 

eaeo 

44 

1.3345 

35.88 

10 

1.0682 

ai5 

77 

1.67.50 

62.78 

43 

1-3255 

35.06 

9 

L0614 

7.34 

76 

1.6630 

61.97 

42 

1.3165 

34J25 

8 

1.0544 

6.52 

75 

1.6520 

61.15 

41 

1.3080 

33.43 

7 

1.0477 

5.71 

74 

1.6415 

6a34 

40 

1J2999 

32.61 

6 

1.0405 

4.69 

73 

1.6321 

59.52 

39 

1.2913 

31.60 

5 

1.0336 

4.08 

72 

1.6204 

58.71 

38 

1.2826 

30.98; 

4 

1.0268 

3.26 

71 

1.6090 

57.89 

37 

1.2740 

30.17 

3 

1.0206 

2.446 

70 

1.5975 

57.08 

36 

1.2654 

29,35 

2 

1.0140 

IM 

69 

1.58()8 

5a26 

35 

1J2572 

28.54 

1 

1.0074 

0.8154 

•    68 

L.5760 

55.45 

34 

1.2490 

27.72 

1 

67 

1.5648 

54.63 

33 

1M09 

26.91 

66 
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Jlfpendisc. 


TABLE  V. 
Tablb  of  Muriatie  (Hydrochloric)  Aeid^  by  Br  Vre,* 


Acid  of 
IM  Id  IOQ 


100 
99 
98 
97 
96 
95 
94 
93 
92 
91 
90 
89 
88 
87 
86 
85 
84 
83 
82 
81 
80 
79 
78 
77 
76 
75 
74 
73 
72 
71 
70 
09 
68 
67 


lo 


Chlorin*. 


1^200039.675 
1.198239^8 
1.1964  38.882 
1.1946  3a485 
1.1928  3a089 
1.191037.692 
1.1893  37.29(5 
1.1875  3a900 
1.185736.503 
1.184636.107 
1.182235.707 
1.180235.310 
1.178^34.913 
1.1762,34.517 
1.1741 34.121 


Muriatie     Aeid  of 
Gu.        ISO  lo  MO. 


tt 


1,1721 
1.1701 
1.1681 
1.1661 
1.1641 


40.777 
40.369 
39.961 
39.554 
39.1461 
38.7381 
38.330 
37.923 
37.516 
37.108 
36.700 
3&292 
35.884 
35.476 
35.068 
34.660 
34iJ52 
32.93133.845 


3a724 
33.328 


32.535  3a437 
32.13633.029 
1.162031.74632.621 
1.159931.343  32JJ13 
31.805 


1.157830.946 
1.1557,30.550 


1.153630.153 
1.151529.757 
1.149429.361130.174 
1.147328.964  29.767 
1.145228,56729.359 
1.1431 2ai71 '28.951 
1.141027.77228.544 
1.138927.37628.136 


31.398 
30.990, 
30.582; 


1.1369  2a979 
1.1349126.583 


27.728 
27.321 


66 
65 
64 
63 
62 
61 
60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 


SpcetAe 


Chlorine 


1.1328  2ai862a913 
1.1308  25.789  2a505 
1.1287  25.392  2a098 
1.126724.99625.690 
1.1247124.59925*282 
1.122624.20224.874 
1.1206;2a805  24.466 
1.11852a408  24.058 
1.1164  23.012  2a050 
1.114322.61523^242 
1.1123.22.21822.834 
1.110221.82222.426 
1.1082121.425^2.019 
1.106121.02821.611 
1.1041 20.^21.203 
1.102020.23520.796 


Muriatic 
Gat. 


LIOOO 
1.0980 
L0960 
1.0939 
1.0919 
1.0899 
1.0879 


19.83720.388 
19.440 19i)80 


19.044 
18.647 


19.572 
19.165 


Acid  •  r 

taoiuiuo. 


18.250 18.757 
17.854118.349 


17.457 


171)41 
17.534 
17.126 
ia718 
16.310 
15.902 


1.085917.060 
1.0838  ia664 
1.0818 16.267 
1.0798,15.870 
1.0778 15.474 
1.0758 15.077 15.494 
1.0738;i4.680;  15.087 
1.071814.28414.679 
1.0697  ia887 14J271 
1.0677  ia490  ia863 
1.0657  ia094  ia456 


32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 


Bptcifle 
Giaviiy. 


1.0637 
1.0617 
1.0597 


1.057711.50611.825 


1.0557 
1.0537 
1.0517 
1.0497 
1.0477 
1.04571 
1.0437 
1.04171 
1.0897 
1.0377 
1.0357 
1.0837 
1.0818 
1.0296 


1.0279  5.554 


1.0259 
1.0239 


Chioria^ 


Uvteiic 
Gu. 


12.697  ia049 
12.300 12.641 
11.903 12.2331 


11.10911.418 
10.71211.010 
10.31610.002 
9.91910.194 
9.522|  9.786 
9.126  9.379 
8.7291  a971 
8.33^ 


7.935 
7.5381 
7.141 
6.745 
6.348 
5.951 


5.158 
4762 


1.0220  4.365 
1.0200  a968 
1.0180  a571 


1.0160 
1.0140 
1.0120 
1.01001 
L0080 
1.0060 
1.0040 
1.0020 


am 

2.778 
2.381 


1.5oo 

1.191 


0.397 


81563 
ai55 
7.747 
7M) 
&932 
6.524 
ai]6 
5.709 
5.301 
4.8931 
4.486 
4078 
a670 
a262 
2L854 
2L44r 


1.984  2L039 


L631 
12241 


0.795  a816 


0.408 


*  DUtionary  qfArti  and  Manufheiure$,  873. 
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TABLE  VI. 


Dr  Virti'M  Tablb  of  the  QtueUity  of  Seal  or  Anhydrous  Nitric  Aeid  in  100 

Parli  ofjjiqmd  i^dd,  at  d{fferml  Deutities. 


• 

Real  Acid  in  too 

Real  Add  m  100 

Real  Add  in  lOC^ 

Sp  Gr. 

parts  of  the  li. 

Sp.  Gr. 

parts  of  the  Ji- 

Sp  Gr. 

parts  of  the  U- 

qaid. 

qoid. 

qaid. 

1J5000 

79.700 

1.3783 

52.602 

1.1895 

26^1 

1.4980 

78.908 

1.3732 

51.805 

1.1833 

25J50i 

1.4960 

78.106 

1.3681 

51.068 

1.1770 

24.707 

1.4940 

77.309 

1.3630 

50.211 

1.1709 

23.910 

1.4910 

7^512 

1.3579 

49.414 

1.1648 

23.113 

1.4880 

75.715 

1.3529 

48.617 

1.1587 

22.316 

1.4850 

74.918 

1.3477 

47.820 

1.1526 

21.519 

1.4820 

74.121 

1.3427 

47.023 

1.1465 

20.722 

1.4790 

73.324 

1.3376 

46J226 

1.1408 

19L925 

1.4760 

72.527 

1.3323 

45.429 

1.1345 

19.128 

1.4730 

71.730 

1.3270 

44.632 

1.1286 

ia331 

1.4700 

70.993 

1.3216 

4a835 

1.1227 

17.534 

1.4670 

70.136 

1.3163 

4a038 

1.1168 

ia737 

1.4640 

69.339 

1.3110 

42.241 

1.1109 

15.940 

1.4600 

68.542 

1.3056 

41.444 

1.1051 

15.143 

1.4570 

67.745 

1.3001 

40.647 

1.0998 

14.346 

1.4590 

66.948 

li»47 

39.850 

1.0935 

ia549 

1.4500 

66.155 

1.2887 

39.053 

1.0878 

12.752 

1.4460 

65.354 

1.2826 

28Sm 

1.0821 

11.955 

1.4424 

64.557 

1.2765 

37.459 

li>764 

11.158 

1.4385 

6a760 

1.2705 

3a662 

1.0708 

10.361 

1.4346 

ijUJ^m 

1.2644 

35.865 

1.0651 

9.564 

1.4306 

62.166 

li2583 

35.068 

1.0595 

8.767 

1.4269 

61.369 

1.2523 

34i271 

1.0540 

7.970 

1.4228 

60.572 

1.2462 

33.474 

1.0485 

7.173 

1.4189 

59.775 

1.2402 

32.677 

1.0430 

6.376 

1.4147 

58.978 

1.2341 

31.880 

1.0375 

5.579 

1.4107 

58.181 

1.2277 

31.083 

1.0320 

4782 

1.4065 

57.384 

1J2212 

30J286 

1.0267 

a985 

1.4023 

56.587 

1^2148 

29.489 

1.0212 

ai88 

1.3978 

55.790 

IM&i 

28.692 

1.0159 

2L391 

1.3945 

54.993 

1.2019 

27.895 

1.0106 

1.594 

1.3882 

54.196 

1.1958 

27.096 

1.0053 

0.797 

1.3833 

53.399 

584 
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TABLE   VII. 

TABtx  of  Lowitx,  ahovfing  the  Quantity  of  Absolute  Aloohol  in  Spirits  of 

Afferent  Spee^  ChrtmOm. 


lOOPftrts. 

Specific  Qrarity. 

100  Parta. 

Specific  GraTity. 

100  Paru. 

Sp.  Grerity. 

^Jeohol. 

100 

0 

Al«lt». 

AIW-. 

AlMhol. 

66 

Wat«r 

34 

At  Si"- 

AltP*. 

Alcohol. 

Wfttn- 

At  6^. 

AxW. 

0.791 

0796 

0.^77 

0.881 

3S 

68 

0.953 

0.955 

99 

1 

0.794 

0.798 

65 

35 

0.880 

0.883 

31 

69 

0.954 

0  957 

98 

2 

0.797 

0  801 

64 

36 

0.882 

0.886 

SO 

70 

0.956 

0.958 

97 

8 

0.800 

0804 

!    63 

37 

0.885 

0.889 

39 

71 

0.957 

0.960 

96 

4 

0.803 

0807 

62 

38 

0.887 

0.891 

28 

72 

0.959 

a962 

95 

5 

0.805 

0809 

61 

39 

0.889 

0.893 

37 

73 

0.961 

0.963 

94 

6 

0.808 

0  812 

60 

40 

0.892 

0.896 

36 

74 

0.963 

0.965 

9$ 

7 

0.811 

0.815 

59 

41 

0.894 

0.898 

85 

75 

0.965 

0967 

9% 

8 

0.813 

0817 

58 

42 

0.896 

0.90Q 

34 

76 

0.966 

0.968 

91 

9 

0.816 

0820 

57 

43 

0.899 

0.902 

83 

77 

0.968 

0.970 

90 

10 

0.818 

0  822 

i    56 

44 

0  901 

0.904 

33 

78 

0.970 

0972 

89 

11 

0.821 

0.825  ' 

1             '  • 

55 

54 

45 

0  903 

0  906 

31 

79 

0.971 

0  973 

88 

12 

0.823 

0.827 

46 

0.905 

0908 

20 

80 

0.973 

0.974 

87 

IS 

0  826    0-830 

53 

47 

0.907 

0.910 

19 

81 

0.974 

0.975 

86 

14 

0.828  !  0>882 

52 

48 

0.909 

0.912 

18 

82 

0.976 

0977 

85 

15 

0.831 

0-835. 

51 

49 

0.912 

0.915 

17 

83 

0.977 

097S 

84 

16 

0  834 

0*838 

50 

50 

a9l4 

0.917 

16 

84 

0.978 

0979 

83 

17 

a  836 

a840 

49 

51 

0.917 

0.920 

15 

85 

0.980 

0.981 

83 

18 

0.839 

0.843 

48 

52 

0.919 

0.92S 

14 

86 

0.981 

098^ 

81 

19 

0.842 

0.846 

47 

53 

0.921 

0.924 

13 

87 

0.983 

0.984 

80 

20 

0.844 

0.848 

46 

54 

0.923 

0926 

13 

88 

0.985 

a986 

79 

21 

0.847 

0.851 

45 

55 

0.925 

0.928 

11 

89 

0.986 

0.987 

78 

22 

0.849 

0.853 

44 

56 

0.997 

0.930 

10 

90 

0.987 

0.988 

77 

23 

0.851 

0.855 

43 

57 

0.930 

0.933 

9 

91 

0.988 

0.989 

76 

24 

0  853 

0.857 

42 

58 

0.932 

0.935 

8 

92 

0.979 

a990 

75 

25 

0.856 

a860 

41 

59 

0.934 

0.937 

7 

93 

0.991 

a99l 

, 

74 

26 

0.859 

0.863 

40 

60 

a936 

0.939 

6 

94 

0.992 

0.992 

73 

27 

0.861    a865 

39 

61 

0.938 

0.941 

5 

95 

0.994 

73 

28    0.868   0867 

38 

62 

0.940 

0.943 

4 

96 

0.995 

71 

29 

0.866   0.870 

37 

63 

0.942 

0.945 

5 

97 

0.997 

70 

30 

0.868 

0.872 

36 

64 

0.944 

0.947 

3 

98 

0.998 

69 

31 

0.870 

0.874 

35 

65 

0.946 

0.949 

1 

99 

0.999 

68 

32 

0.872 

0^75 

34 

66 

0.948 

0.951 

0 

100 

1.000 

67 

33 

0.875   0.879, 

33 

67 

a950    0.953 

e4MC 


Spec^  Gravity  of  EssenHml  and  other  Oils 


Oil  of  Aniae-aeed, 

"  "  Bergamot, 

•*  "  Cajeput» 

>*  "  Caraway, 

•<  <<  Casaia,    . 

**  "  Cinnamon, 

"  "  Clovea,  . 

'<  *<  Fennel, 


Oil  of  Juniper, 

*•  "  Lavender,     . 

'•  "  Leinona,  .  ^ 

"  ««  Nutmeg!,      . 

"  •»  Peppermint, 

»'  "  of  Rosea,  (Ottar  of  Rosea) 

**  "  Rosemary, 


Oils  of  Fermented  Liquors 


Oil  of  Grain  Spirits, 
u    a  Potato  S|Mrita, 


0.9958 

0.885 

0.d48 

0.975 

1.071 

1.036 

1.061 

0.997 


0.911 

0.898 

0.b5l7 

0.948 

0.899 

0.832 

0.85 


0.835 
0.321 


Tables  of  Weights  and  Measures^  of  the  Correspondence  hettoeen  Fahren' 
heiPs,  Beawnur'Sf  and  tht  Centigrade  TkermomeUrs^  and  of  IVeezivg  Mixtvres. 


WEIGHTS  AND  MEASURES. 


WEIGHTS. 

The  standard  according  to  which  the  present  system  of  weights  is  regulated,  is  the  Troy 
brass  pound.*    It  contains  5760  grains. 

htperial  Standard  Troy  Weight 

24  grains  =    1  pennyweight. 

20  pennyweights    s=s    1  ounce. 
12  ounces  ss    1  pound. 

or. 


Grains. 

Pennyweights. 

Ovneae. 

Pound. 

24 

aa                  1            *=! 

A 

rftr 

480 

»          20        » 

1 

A 

5760 

:=         240         = 

12 

*  For  important  remarks  on  weights  and  meaaorea  and  on  the  standard  weighu  of  the  United 
States,  see  Haasler's  Reports  to  Qmgrets^  ld37— 8. 
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•mHntdupoti  fvttghL 

The  pound  aToirdupois  conUttns  7000  grains,  each  of  which  is  equal  to  a  Troy  gnia, 
being  thus  heavier  than  the  Troy  pound  by  1240  grains. 

1  drachm  as 

SB        1  ounce  sBs 

sss        1  pound  CSS 

es        1  quarter  ob 

a=        1  cwt.  or  112  lbs.  «» 

»         1  ton  es 


16  drachms 
16  ounces 
28  pounds 
4  quarters 
SO  cwts. 


27.34375  grains. 

437.5 

7000 

196000 

784000 

15680000 


Pound. 
1 


Ounees. 
16 
1 

iV 


or, 

Drachms. 
256 
16 
1 


7000  grains. 
437.5 
27.34375 


The  pound  in  Apothecaries'  Weight  is  equal  to  the  Troy  pound,  containing5760graiBa» 
but  is  differently  suodivided. 


1  pound  ^ 
1  ounce  S 
1  drachm  5 
1  scruple  9 

BS 

12  ounces 
8  drachms 
3  scruples 

20  grains 

or* 

s 

5760  grains. 
480 
60 
20 

Pbttnd.              OttncM. 

Drachm.          Seniptea. 

Gratiw. 

1        «=        12 
1 

" 

96        «= 
8        s 
1        z» 

288        » 

24        s= 

3       = 

1        » 

5760 

480 

60 

20 

The  following  tables  show  the  correspondence  between  the  Troy,  Avoirdupois, and 
Apothecaries'  WeighU. 

Tioj  Weight.                                        Aveirdupoii.  ApoUwcariM'. 

/ ^ S 

1  pound                   ss        13qz.  2  dr.  17.8185  grs.  ss        1  pound. 

1  ounce                   CSS          11        15.1562  ss        1  ounce. 

1  pennyweight        ss         0       0       24.  =b        1  scruple  4  grs. 


Aroirtvpoto. 

1  pound 
1  ounce 
1  drachm 


Troy  WeighU 


1  lb  2  oz.  11  dwt.  16  gr. 
0       0        18  S.5 

0       0  1  3.34 


Apoihecariee' 


...~A_ 


i  ft2S  4529 

0       0       7       0      17.5grs. 
0       0       0       1      7.34 


Apocheearies'. 


1 
1 
1 

1 


pound 
ounce 
drachm 
scruple 


Troy  WeighU 

1  pound 

1  ounce 

2  dwt.  12  gr. 
0  20 


Ayoiidapole. 

13  oz.  2  dr.  17.8125  grains. 
1        1        15.1562 
0        2         5.3125 
0        0        20. 


Frwek  Dtamal  WeighL^Gramme  «b  15.4063  Troy 


Milli|pramme 
Centigramme 
Decigramme 
Gramme 


0.0154  grains 
0.1540 
1.5406 
15.4063 
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MEASURES. 


The  Imperial  Standard  Gallon  coatains  ten  poondi  Avoirdupoia  weight  of  distilled 
water,  weiched  in  air  at  %2^  Fabr.  and  30°  Baroto.,  or  12  lb.  1  ounce  16  pennyweights  and 
16  graine  Troy,  ««  70,000  grains  weight  of  distilled  water.  A  cubic  inch  of  distilled 
water  weighs  252.458  grains,  and  the  imperial  gallon  contains  277  274  cubic  ioches. 


bnptnai  Measurt, 

1  garter  ss  8  Bushels. 

1  Bushel  a  4  Pecks. 

1  Peck  a»  2  Gallons. 

]  Gallon  «  4  Quarts. 

1  Quart  »s  2  Pints. 

or. 


DtaUUed  Watsr. 

Pint. 

Quart. 

Galls. 

Grains.        AToird.  lb.        Cub.  Inch. 

Pocks.       Bill 

8750  —      1.25  c=        34.659 

aa 

1 

17500  »      2.5     =»        69.318 

— , 

2 

BB 

1 

70000  «    10       ««      277J374 

CBS 

8 

CSS 

4 

«       1 

140000  »    20       »      554.548 

^ 

16 

ss 

8 

»      2 

»     1 

560000  «=.    80       «    2218.192 

SB 

64 

s= 

32 

»       H 

».    4    s»    1 

4480000  »  640       «  17745.536 

ss 

512 

*SS 

256 

«*    64 

»  32    «    8 

Qf. 


8  Pints. 
16  Ouncrs. 

8  Drachms. 
60  Drops,  or  Minims. 


ApoihtearM  Mtasurt  (London  Phannacopoeia)i 

The  gallon  of  the  former  wine  measure,  and  of  the  present  Apothecaries*  measure,  con- 
tains 5to33.31  grains  weight  of  distilled  water,  or  231  cubic  inches,  the  ratio  to  the  impe- 
rial gallon  being  nearly  as  5  to  6,  or  as  0  8331  to  1. 

1  Gallon  » 

1  Pint  0  -= 

1  Ounce  f  5  » 

1  Drachm  r  5         '^ 

or, 
Gallon.     Pints.        Ouflces.        Drachms.       Minims.      Gr.  of  Dist.  Water.   Cub.  Inch. 
1    s    8    =    128    r=    1024    »    61440    =s=    5833.3.31    =    231 
1    »      16    :=      128    »      7680    »      7291.66    =      28.8 
1    =  8    =s        480    =s        455.72    =        1.8 

1    «  60    =  56.96    =        0J2 

fyeruk  Decimal  Meaawrt  of  Ciwaeity,  lAbrt  =  61.0S525   British  cubic  ituhes,  or 

15406.312  grcdna  of  dMUed  wider. 


Millilitre 

25— 

0.06102  cubic  inches 

Centilitre 

ss 

0.61025 

Decilitre 



6.102J2 

Litre 

s^ 

61.02526 

Table  shmoing  the  Weight  in  Grains  of  various  J^kasures  (.apothecaries)  of  differtnt 

Fluids, 


Distilled  Water  -  - 

Sulphuric  Ether  -  - 

Alcohol     -    -    -  - 
Solution  of  Ammonia 

Muriatic  acid  -    •  - 

Nitric  acid      -    -  - 

Sulphuric  acid    •  • 


SjH^ific 


1.000 
0.720 
0.796 
0.925 
1.118 
1.480 
1.848 


Ah^. 


1  Piut 


7291.66 

524:j.y9 

f831.1G 

6744.78 

8152.07 

10791.65 

13474.98 


Weiifhi  in  Oraint  of 


I  Ouoc*. 


455.72 

328.12 
362.76 
421 .54 
509.50 
674.47 
812.18 


1  Draehm. 


56.96 
41.01 
45.34 
52.69 
63  68 
84.30 
105.27 


\ 

1  Miiiioi. 


0.947 
0683 
0.749 
0.878 
1.061 
1.405 
1.754 
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Jfypetidis. 


^jrparatus  for  obtaining  Potassium.  Fig.  1 ,  an  iron  pot  made  of  the 
best  malleable  iron,  about  12  inches  lone,  and  5  or  6  in  diameter ;  the 
iron  at  least  three  eighths  of  an  inch  thick.  A  iid  is  fitted  accurately  to 
it,  and  this  is  secured  by  an  iron  rod  passing  through  two  holes  in  tlie 
Bpper  part  of  the  pot.  A  gun-barrel  passes  from  Urn  co? er  to  the  re- 
ceiver.   The  receiver  consists  of  two  pieces.     It  is  made  of  tinned  cop« 


Fig.  I. 
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per.   The  piece  (Fig.  2)  is  a  thin  parallelopiped,  10 

inches  long,  5  or  6  broad,  and  1<1  thick.     It  is  shut 

at  the  top  and  open  at  the  bottom,    it  is  divided  by 

a  djapbragm,  tf,  to  within  one  third  of  the  bottom. 

On  one  side  is  a  small  hole  into  which  the  end  of 

the  gun-barrel  enters,  and  to  which  it  is  luted  air-tight,  or,  what  is 

better,  fitted  by  grindinj^.    Opposite  to  it  is  another  opening,  fitted 

with  a  cork  through  which  an  iron  wire  passes  air-tight.    It  passes 

Also  through  a  cork  fitted  into  the  hole  in  the  diaphragm.    The  ose 

y  of  this  wire  is  to  keep  the  gun-barrel  from  being  filled  up  daring  the 

process.  Fig.  3  is  the  other  part  of  the  receiver,  open  above,  and  shut 
below.  Fig.  2  fits  it  exactly.  A  few  inches  of  naphtha  are  put  into 
Fig.  3,  and  F'ig.  2  is  placed  in  it ;  Iteing  well  luted  with  fiit  lute  or 
putty  to  exriude  air.  A  bent  glass  tube  proceeds  from  *2  at  b.  Fig.  4, 
well  luted,  which  plunges  into  a  vessel  fillod  with  naphtha  -,  to  allow 
t^e  escape  of  the  gases. 

fig.  4.  Fig.  4  shows  the  arrange- 

tnent  of  the  iron  pot,  recei> 
ver,  and  furnace.  The  iron 
pot  should  be  luted  before  il  is  used,  as  it  is  apt 
to  be  melted  ;  this  is  best  done  by  binding  it 
roond  with  iron  wire,  covering  it  with  a  stifi* 
clay  lute  miied  with  about  one  fifteenth  part  of 
iron  filings  and  charcoal,  flpd  a  little  thread  cut 
into  pieces  about  an  inch  in  length.  This  is 
bound  round  again  with  wire,  and  the  whole 
rubbed  over  with  lute.  It  should  be  allowed  to 
dry  ft  day  or  two  before  using,  and  the  cracks 
should  be  filled  up. 

Tbe  iron  pot  is  placed,  as  represented,  above 
a  piece  of  fire  brick,  and  fixed  to  it  witli  fine 
clay.  The  body  of  the  furnace  may  be  about  16 
inches  long,  15  broad,  and  18  deep ;  tbe  walls 
from  5  to  1 0  inches  thick,  and  the  flue  6  inches 
square  (inside). 

The  upper  part  of  the  furnace  is  covered  by  a 
flat  cast-nron  plate  about  three  fourths  of  an  inch 
thick,  and  wijh  an  opening  in  the  centre 
through  which  fiiel  is  introduced,  a  moveable 
cover  of  the  same  metal  being  fitted  to  it  by  an  iron  bolt  passing  through  a  hole  bored  in  it 
and  in  the  plate ;  it  allows  us  also  to  see  very  conveniently  the  state  of  the  apparatas  within 
the  furnace  Another  opening  is  made  on  a  level  with  the  branders,  to  allow  the  fire  to 
be  withdrawn  whenever  it  may  be  necessary  ;  it  is  constructed  in  such  a  manner  as  to  al- 
low it  to  be  easily  closed  up  with  a  brick  and  a  little  mortar,  which  may  be  removed  again 
with  the  same  facility.  A  door  is  also  placed  below  to  regulate  the  admission  of  the  ait, 
and  a  damper  in  the  vent  to  diminish  the  draught  if  this  should  be  necessary.  Tbe  aper- 
ture in  the  side  of  the  furnace  for  the  gun-barrel  must  not  be  fbraotten. 

Af\er  everything  has  been  properly  adjusted,  the  fire  may  be  put  on.  A  little  crater 
comes  away  when  the  apparatus  becomes  red-hot ;  soon  af\er,  carbonic  oxide  gam  is 
evolved  ;  and  when  it  is  at  white  heat,  a  very  dense  vapour  is  disengaged,  which  boma 
with  a  brilliant  flame.  The  receiver  intended  to  condense  the  potassium  may  then  b« 
fixed  to  the  extremity  of  the  gun  barrel  without  the  furnace.  The  receiver  is  tnat  recom- 
mended by  Berzelius,  which  shonld  be  kept  cold  by  ice. 

When  the  gas  begins  to  be  disengaged  slowly,  this  arises  in  general  from  the  tube  being 
so  obstructed  as  to  prevent  it  from  passing  out  readily  ;  the  plug  is  then  taken  out,  and  tbe 
obstructing  matter  removed  as  completely  as  possible,  but  if  the  cas  does  not  appear  tiien 
to  increase  in  quantity,  it  will  be  better  to  withdraw  the  fire  and  aHow  the  appentoa  to 
cool.  Too  much  caution  cannot  be  taken  in  endeavouring  to  clear  the  tube  eitbur  doring 
the  distillation  or  afler  the  apparatus  has  been  allowed  to  c<m>1,  for  the  tube  being  fre^piently 
obatnicted  while  tlie  materials  are  at  a  high  tamparature  and  still  producing  gaa,.  it  la  obvi- 
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COS  that  a  large  quantity  muat  be  accumulated  io  a  short  Ume,  and  the  moment  the  impe- 
diment to  its  free  passage  is  remored,  it  often  expands  with  explosive  violence,  and  gives 
rise  occasionally  to  serious  accidents.* 

The  mixture  of  chartoiil  and  potassa  is  prepared  most  easily  h^  exposing  six  or  seven 
pounds  of  cream  of  tartar  (ciude  tartar  may  be  used)  to  a  red  heat,  in  largo  earthen  or  inm 
crucibles,  tiil  no  more  gas  is  disengaged,  reducing  it  to  powder  in  a  mortar,  when  cold. 
This  is  transferred  immediately  to  an  iron  pot,  that  it  may  be  prevented  from  attracting 
water  from  the  air.  Brunner  statea  that  when  the  tartar  is  mixed  with  one  tweUth  of  its 
weight  of  charcoal  a  larger  quantity  >of  poussium  is  obtained.  This  additional  quantity  of 
charcoal  ia  useful  alao  in  pre  venting,  the  fusion  of  the  carbonate  of  potasaa  at  the  high  tem- 
perature to  which  it  is  afterwards  exposed. 

A  powerful  lamp  (Fig.  5),  where  a  large  flame  la  required,  may  be  Fig*  & 

formed  by  filling  a  ring  of  tin  of  an  jnch  or  more  in  diameter,  and  fin 
inch  in  length,  with  wick  yarn,  and  placing  it  in  a  shallow  tin  vessel, 
in  the  centre  of  which  is  a  tube  or  cavity  into  which  the  ring  fits  loosely. 
The  tube  is  soldered  at  the  top  to  the  body  of  the  lamp,  but  a  small 
•pace  is  lefl  at  the  bottom  to  permit  the  passage  of  the  .alcohol  with 
which  the  lamp  is  filled.  The  lamp  is  filled  oy  pouring  the  alcohol  upon 
the  wick.  The  upper  ed^e  of  the  ring  rises  a  little  above  the  top  of  the  p ]g.  0. 

lamp,  aa  seen  in  the  section  Fig.  li. 

Tlie  power  of  different  metals  of  conducting  heat  may  be  abown 
Fig.  7.  by  (bo  apparatus,  Fig.  7.    See  paragraph  203. 

Fig.  8  represents  a  convenient  fiinnel  for 
conveying  gases  into  vessels  the  funnel  be- 
ing prolonged  by  a  tube  at  right  angles,  and 
inverted  in  a  basin  of  water,  a  small  piece 
may  be  removed  from  the  edge  to  admit  tlie  pipe  from  a  =z^z= 
retort. 

Advantage  will  sometimes  be  gained  by  cement- 
ing a  thin  piece  of  wood  to  a  cork  made  tapering, 

tlirough  both  which  tubes  may  be  passed  and  secured,  as  in  Fig.  9,  for  intro- 
ducing into  bottles  and  flasks. 


Fig.  a. 


Fif.9. 
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Btfit'ttm,  SlrontUtm^  and  Co/cttrm.    Dr  Hare  has  ncently  obtained,  by  an  im- 

£  roved  process,  all  three  of  these  metals.  Saturated  solutions  of  the  chlorides 
Mituted  for  moistened  oxides,  and  exposed  to  a  powerful  Voltaic  circuit,  in  con- 
tact with  mercury  as  a  cathode ;  the  resulting  amalgams  were  distilled  by  means  of  vessels 
of  iron.  The  avidity  of  the  metals  for  oxyaen  was  such,  that,  to  see  their  bright  metallic 
aurlaces,  it  was  necessary  for  the  eye  to  follow  closely  tite  movements  of  the  file  or  bur- 
nisher.   They  were  brittle,  and  much  harder  than  potassium  or  sodium.    See  Amtr,  Jour. 

Oct.,  leoQ. 


*  On  one  occasion  when  the  apparatus  was  not  touched  till  36  hours  after  the  fire  had  been 
withdrawn,  on  tapping  the  ^00 -barrel  to  remove  it  more  easily,  the  whole  el  the  alafis  tube  was 
broken  to  pieces  so  excessively  small  that  do  trace  of  it  could  he  found;  a  peculiar  detonating 
compound  indeed  is  formed  within  the  tube,  small  quantities  of  which  were  found  in  almost 
every  part  of  the  room,  and  exploded  with  very  little  friction.    Keid. 
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Appendix. 


Absorption  of  Gases  hy  Charcoal, 

Stnaare  found  that  chaicoal  prepnred  from  box-wood  tbiorlM  daring  the  §pace  of  24  to 
36  hottn,  of 


Ammoniacal  gas, 
Hjdrocblorio  acid, 
Sulpbufous 

Sulphuretted  hydrogen^ 
NitrouB  Oxide, 
Carbonic  acid 
Olefiant  gas. 
Carbonic  oxide. 
Oxygen, 

nitrogen,    .  • 

Hydrogen, 


00  times  its  toI. 

85 

fifi 

61  (Henry.) 

40 

35 

96 

0.42 

0.25 

7.5 

1.75 
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ABBREVIATION  of  9ytnbolt,  85 
Aeetate$,  877 
Aeetal,  447—462 
AettaU  of  ahindnat  880 
•Dimoniti,  878 
copper,  879 
iroo,  378 
lead,  379 
lime,  878 
mercury,  879 
morphia,  489 
potawa,  878 
tin,  878 

sine,  878  ^ 

Aettie  add,  876  ^ 

procored,  876 
by  platinum,  377    (n*) 
from  wood,  876 
glacial,  877 
propertiee  of,  876 
theory  of  iu  formation*  489 
Aeetifieaiiont  489 
Aeeionet  455    (d) 
Aettofu  acid,  876 

fermentation*  489 
Acidity,  oxygen  not  eiseotial  to,  122 
Aeidi,  contaming  nitrogen,  391 

-— oxygen,  action  of*  122 

fixed,  882 

produced  by  chlorine,  122 
hydrogen*  122 
from  metals,  226 
terminology  of,  108 
metalfl  oxidised  by*  122 
oily,  890 

tranefer  of,  by  galvanism*  97 
vegetable,  369 
Add,  acetic,  876—489 
acetone,  376 
aldehydic*  447    (n) 


ACI 

Add,  aloxanic,  426 

althionic,  891—454 

antimonic*  287 

antiroonious,  286 

apocrenic,  SM 

arsenic,  275 

arsenious,  272 

asulmic,  391 

beosoic,  881 

boracic,  175 

bromic,  204 

carbonic,  168 

— quantity  prodneed  by  reipirfttion* 

498 
camphovinic,  454. 

cartwsotic*  392 

chloric,  192 

chlor iodic,  201    (n) 

chlorocarbonic*  195    (n) 

chloronitrous*  195    (n) 

cholic,  501 

chromic,  279 

cinnamomic*  382    (n) 

citric,  883 

oolumbic,  285 

orenic,  884 

eroconic,  878 

cyanic,  398 

cyanilic,  422 

cyanuricy  403 

erythric,  aee  Alloxan,  425 

escMlic,  882    (n) 

ethionic,  895 

flooboric*  207 

fluosilicic,  208 

formo-bensoilic*  895 

— -compoiition  of*  896 

formic,  373 

fuiminic*  401 


(n)  signifies  no/c. 
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ALB 


Acid,  ipitlic,  887 

hyilro-lirumlr,  208 
liyHriodic,  198 
hydro-chloric,  184 
hydro  c)Hiiic,  405 

hydroui,  406 

hydni-fifrrid  cyanic,  417 
hydro-ferrocynnic,  412 
hydro-flituric,  209 
hydro-oleic,  881 
hydro-ielenic,  217 
hydr'i-0ulphuric,  214 
hydro-irlluric,  298  (o) 
hypo-chlurotM.  189 
hypo-nitroiM,  145 
hydro-fuiphocyiinic,  420 
hypo-pho«phorous,  172 
hypo^ulpho-indigotic,  895—457    (n) 
hypo*«ulphuric,  168 
hypo-inlphnrouty  168 

indiguiic.  8d2 
iodic,  200 
kinic,888 

lactic,  880-608 

lilhir,  604 

malic,  882 

taargnric,  891 

loaconic,  886 

melliiic,  875 

iDMoxHlic,  427 

inetaphoa|)horie,  174 

inolybdic,  282 

moooxvlic 

muriatic,  184,  188 

my  kernel  inic,  427 

naphthalic,  881    (n)    480    (o) 

nitric,  147 

— •  procett  for,  148  (n) 
:    nitro-liydroclilorin,  188 

nitro-milphuric,  829,  887    (n) 

uitrouf,  146 

oleic,  891 

o«mic,  819 

oxalic,  860 

oxalovjnic,  454 

oxaluric,  428 

oxymuriatic,  we  Chtorine 

parabanic,  42i 

pectic,  39^ 

|ierchloric,  193 

periodic,  201    (n) 

permangauic,  254 

pbo«phoric,  178 

:  cl^cial,  175 

phoefmorout,  178 

phoapbovinic,  !H^5    (n)~454 

pinic,  464 

pmnic,  405 

purparic,  488 — 504 

pyrogallic,  887 

pyroTifoeoiM,  876 

pyropboaphoric,  174 

raoemovinic,  454 

rhodisooic,  873 

selenic,  180 


Add,  Mlenious,  180 
silicic,  177 
■ilici-6uoric,  20S 
silico-hydroflooric,  861 
aorbic^  eee  Malic,  882 
stearic,  390,391 
pitberic;  881     (n) 
succinic,  875---466 
saipho-cetic,  448 
sulpbo -oleic,  391 
sulpho-indigotic,  895—457    (a> 
Bulpho-naphtbalic,  395 
sulphur,  855 
sulphuric,  165 
sulphurous,  168 
silvic,  464 
tanoic,  888 
Ururic,  883 

lartruvinic,  454 
telluric,  294    (o) 

tellurons,  298 

thionuric,  429 

titanic,  292 
I  truntffer  of,  by  galTuiiam*  97 

tuog«tic,  2S8 

uramilic,  480 

uric,  423—604 

vanadic,  281 
Aeiion,  chemical,  14 
Adipoeere,  492 
Atrtform  bodiet,  see  Go$e9 

conducting  power  of,  65 

expansion  of,  41 

matter,  its  power  of  sostainiog  indec- 
tion,  82 
Affinity,  chemical,  18 

—  results  of,  18 

of  aggregation,  2 

elective,  11 

inferred,  17 

— ~  MQgle,  17 

tables  of,  18 

influenced,  19 

measured,  23 
Agitation,  its  eflect,  17 
Air,  effect  of  respiration  on,  498 

•Uuospberic,  186 

analysis  of,  188 

an  electrode,  99 

composition  of,  137, 139 

uniformihr  of,  139 

compression  of  evolves  heat,  60 

Daltoo*s  theory,  140 

Graham's  experiments,  140 

necessary  to  (ermeatation,  4S8 

properties  of,  136 

pump,  137 

purity  estimated,  1^7 

thermometer,  46 
Alabtuter,  825 
^/6uM«a jmtidote  to  corroeive  saUioialeySOS 

animal,  492 

liquid,  493 

solid.  493 

vegetable,  474 


AMM 
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ANT 


Alehoatea,  444 
Alcohol,  441 

aUioUtte,  442 
Alcohol,  action  of  platiDam  on,  877    (n) 
•   composition  of,  445 

of  eolpbur,  220 

strength  of  aicertained,  448 

oses,  448 

in  wine,  table  of>  445 
Aldehydt,  446 

Its  composition*  447    (n) 

reein,  447 
Algaroth,  powder  of,  286 
Alkali,  volatile,  206 
AlkaHtt,  104,  229 

metallic  bases  of,  289 

vegetable,  282—484 
Alkaligenotu  metatM,  228 
Alkaline  earth$,  228 
Alkalimeler,  168 
AllamUi,  289 
AllantoiH,  425 
Alloyt,  227 

characters  of,  224 

formed,  224    ("),,_,.     «« 
qualities  of  the  metals  alterad  lo,  &8 

Alloxan,  425 
Alhxanic  add,  426 
^i&^soiOifi,  480 
AhnondM,  485 

bitter,  oil  ef,  468 
Althionie  acid,  884—454 
Akan,  880 

impurities  in,  247    (n) 
chrome,  881 
iron,  881 
magnanese,  881 
Alumina,  247 

acetate  of,  880 
in  blood,  496 
obuined,  247 
puri6ed,  247    (n) 
fwoperties  of,  247 

quantity  of  water  taken  up  by,248  [n] 
recognised,  248 
sulphates  of,  826 
JLhanhttum,  247 

sesquichloride  of,  248 

process  for,  248 

sesquioxide  of,  247 
AHxarin,4S8    (n) 
Amalgam$,  807 
Amber ^4ee 

acid  of,  875 
Ambergri$,  502 
^sisilss,  theory  of,  864 

signification  of  the  term,  467 
Amidei,  864 
Amidin,  472 
^•iMelid;898 
^mflieltti,  897 
Awnmonia,  208 

preparation  of,  208 
acetate  of,  378 


Awnmoniaf  anomalous  cranate  of,  899 
bicarbonate  of,  850  , 

action  of  chlorine  on,  210' 
action  on  oxalic  ether,  467    (n) 
analysis  of,  210 
bensoate  of,  882 
basic  cyanate  of,  899 
carbonate:of,  849 
carbo»8ulpnuret  of,  857 
chlorides  with,  859 
cleaning  goldby,  296    (n) 
cyanates  of,  899 
hydrochlorate  of,  858 

native,  854 

hydrocyanate  of,  409 
bydrofluate  of,  854 
bydroeulphate  of,  854 
inflamed  with  oxygen,  209 
metalliution  of,  807 
muriate  of,  868 
nitrate  of.  885 
oxalate  of,  871 

phosphate  of,  and  magnesia,  844 
purpurate  of,  see  Muresdd,  431 
sub-carbonate  of,  860 
sulphate  of,  828 
orate  of,  605 
water  of,  210 
Ammonia-aldehyde,  446 
Ammoniac  Sal,  858 
Ammoniaeal  ealts  recognised,  858 
Ammonia  and  magneeia,  phosphate  of,  844 
Ammonium,  209 

bicarbonate  of  oxide  of,  850 
cyanuret  of,  409 
lerrocyanuret  of,  418 
nitrate  of  oxide  of,  335 
sesquicarbonate  of  oxide  of,  850 
sulphate  of  oxide  of,  828 
Amyrdalin,  475     (n) 
^myfaetotts  substances,  471 
Amylin,  472 
Analytie,  defined,  86 
proximate,  87 
of  light,  74 
Anhydnie,  826 
^ntiiui/ carbon,  152—481 
heat,  498 

—  theories*of,  499 
substances,  490 
contain  nitrogen,  490 

—  proximate  principles  of,490 
^—  putrefiiction  of,  491 
effect  of  beat  upon,491 

Animale,  effect  of  narcotina  upon«  487 
^nncaitng,  178 
Animal  heat,  494 
^ntont,  defined,  98 
AnoUa,  468 
Anode,  defined,  98 
Antimonial  powder,  286 
Antimonic  add,  287 
AntimoniO'tulphureU,  358 
Antimonioue  acid,  286 


ATO 

Aniim9nff,  285 

alloys  of,  288 
batter  of,  287 
chlorides  of,  287 
detected,  286 

difltioguished  from  araeoic.  275 
gluts  of,  287 

polden  sulphuret  of,  288 

Ignited,  detonates  with  Tapour.    25 

•alts  of,  286  !-'»*» 

■alphureu  of,  287 

tartan'zed,  286 
AtUistpUa,  491 
AnU,  acid  from,  878 

Apparahu^  chemical,  106, 115 
{or  fretting,  68    (n) 
Nooth's,  164    (n) 

«c«  fo  apparatua 
^qua  Ammonue,  210 
Ibrtis,  151 

^,^/««;£.188,854 
-arootn,  478 

-4rftor  JDuma,  310 

Saturoi,  299 
Argol,  384 

Arrow-root,  472 
Arggfuatett  345 
^Ptente,  271 

acid,  276 

-— ■  obtained,  271 

«'»y»  of,  277 

chlorides  of,  275 

detected,  273 

properties  of,  272 

oxide  of,  272 

PorsuJpburet  of,  367 

aesquichioride  of,  275 

aolation  of.  Fowler's,  845 

teste  of,  278 
Ar$§nio-au^huretg,  367 
Angnioug  acid,  272 

action  of  galvanism  on,  275    [n] 
■olubility,  272  "* 

solution  made,  272    fnl 
Arggnagg,  346 

Arggnftu-gUgd  hydroggn,  276 

Artgrtalization,  498 

Agbottn,  481 

Agphaltum,  477  I 

-^woy,  Me  G^o/rf  anif  JStfoer. 

-atmospAcTic  «>,  136 

composition  of,  139 

contains  carbonic  acid,  140 

Dalton's  theory  of,  140 

•AUmtc  thgory,  30 

Atomg,  defined  2, 29 

elemenury,  2 

fignre  of,  31 
-«'"•*»  oiiganic,  862 

ueoftheterm,  80 
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Airopa  bgllmdannaiiS^ 
alkali  of,  484 

AtiraeHon,  2 

conti^oona,  2 
chemical,  S 

heterogeneous,  18 
resulte  of,  13 

Auro-ehloHdeg,  368 

^«rt>  luruf,  313 

Aurum  micstoum  268 
-^^ole,  136 

oxide  of,  141 
-4*oltc  gag,  135 
Azuhnie  agid,  891 


i^,9^.^^fmmuB,e6    (n) 
^aWfwii's  pVo^Aoru,,  77    (n) 
Balloong,  124  •         v  / 

i^altamt ,  464 

Balsam  of  Canada,  464    (n) 
ofPeni,465  *  ' 

ofTolu,  465(n) 
Barilla,  8^  ^  ' 

chloride  of,  289 
peroxide,  use  of,  184 

Crotosulphuret  of,  289 
ydrosulphnret,  866 

peroxide,  238 

properties,  2S7 
_     .  protoxide,  238 
Bark,  482 
Baryta,  288 

carbonate,  860 

chlorate  of,  840 

hydrate,  288 

properties,  288 

pure  obtained,  824 

•ulphate,  823 

iulpbo-naphthalate,  895    (n) 
teat  of  subhuric  acid,  168 

Bagic  waigr,  5 

cyanateofaramoDia,  399 
Bagtg  jn  dyeing,  456 

Baggorin,  474 

Battery,  voluic,  91 

Batteley'g  sedative  liquor,  440    (n\ 

Bear-berry,  Kcid  from,  S88 
Beer,  487 

Beeg-wax,  460 

Beet-gugar,  469 

Benxamidg,  864—468 

Benzoate  of  ammonia,  382 

Benzoic  acid,  381 

aqblimation  of,  882 
Bgnzoyl,  theory  of,  965 

compounds  of,  468 

properties  of.  468 
^m^lf,  881    (n) 
BertholgWg  views,  28 
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JBirxekut,  hid  lyrabob,  86 

theory  of  combustioD,  121 
Bicarbonate  ofpotaMa,  348 

iioda,  ai9 

oxide  of  ammonium,  360 
Bicarburet  of  nitrogen,  219 
Bi-ehloride  of  mercury ^  304 
Bichromate  ofpotaeea,  346 
Bi-cyanuret  of  mercury.  411 
Bite,  500 

Biliary  calculi,  601 
Binioaide  of  mercury,  905 
Binoxalate  ofpotaeta,  371 
Binoxide  oC  hydrogen,  134 

Dilrogen,  148 
Biftt/pAofc  ofpotaua,  822 
jBiMittf  A,  properties  of,  290 

ohloride,  291 

magisterv,  291 

oxide,  291 

seeqoioxide,  291 
A'-«tt{pAttrc<  of  carbon,  220 

apparatue  for,  221    (n) 
Biiartrate  qfpotasea,  384 
Bitter  almonae,  oil  of, 

hydret  of  beDzoyle,  468 
BiUem^  208 
Black  dyet,  467 

flux,  271    (o) 

lead,  261 
Black,  JDr,  bis  theory  of  animal  heat,  499 
Bleaching,  182 

powder,  243 

—  assay  of,^43    (o) 
Bladdere  for  gases,  107 
Bleeding,  efibct  of,  496 
Blood,  494 

baffy  coat  of,  409 

coagulation  of,  495 

accelerated,  496 

colouring  matter  of,  496 

composition  of,  495 

absorbs  oxygen,  119,  498 

effect  of  chlorine  on,  496 

^-—  oxygen,  498 

of  diseases  on,  499 

peculiar  principle  in,  496 

serum  of,  497 
Blouhpipe  coraponud,  127, 128 

Brooke's,  128 
Bhu-dyee,  457 

Bodies,  sUte  of  influenced  by  beat,  37 
Boiling  point,  55 

influenced  by  preisare  55 

— —  of  mercury,  55 

of  water,  301 

Bologna  phoephorue,  823 
jBone,  493 

composition  of,  494 

efiect  of  heat  on,  494 

phosphate  of  lime,  344    (o) 
Boraeic  add,  obtoined,  175 

native,  175 

properties,  176 

with  fluorine,  207 


Boratee,  846 
Borax,  347 
Borofiuoridee,  861 
Boron,  175 

lerchloride^  195    (n) 
Boyle* e  fuming  bquor,  354 
Brande*8  experimente  on  wines,  &c.,  444 
Brandy,  488 
Brain,  494 
Braae,  297 

Brazil  wood,  458    (n) 
Bromine,  202 

and  hydregen,  203 

action  on  combustiblesj  203 

— -  on  metals,  226 

delected,  202 

obtained,  202 

properties,  203 
Bromic  acid,  204 

ether,  452 
Bromidee,  205    (n) 
Bromoform,  448    (n) 
Bronze,  297 
Brooke't  blow^pe,  128 
Bruda,  487 
Buckthorn  berriee,  486 
Buffy  coat  of  the  blood,  499 
Bulbe,  488 
Butter,  601 
Butyrine,  501 
Brunewick  green,  859 

C^£J9^G£,  infusion  of,  14    (n) 
Cadmium,  264 

oxide,  265    (n) 

properties,  2M 

sulphuret,  265    (n) 
Caffein,  486 
Calamine,  268 
Calcination^  226 
Calcium,  24a 

bromide,  244    (n) 

chloride,  248 

fluoride,  205 

phosphuret,  244 

process  for,  218    (n)    244    (tt) 

protoxide,  241 
CaleuU,  biliary,  601 

urinary,  605 

varieties  of,  505 
Calico^rinting,  456 
I  Calomel,  808 

process  for,  303    (n) 
Caloric,  absorption  of,  69 

•— ~  during  evaporation,  61 

— liquefaction,  61 

— solution,  52 

capacity  for,  48 

apparatus  for  illustrating,  48 

cause  of  vapour,  54 

combined,  60 

conducting  power  of  bodies  for,  63 

^-^  of  liquids  and  gases,  64,  65 

conductors  of,  68 

confined  air  a  bad  condactor  of,  64 
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Calorie,  definitioni  of,  87 

Hare's  appanitiM,  64 
Rumfurd  ■  experioMotSi  68,  66 
evolved  bv  iacreaie  of  density,  60-63 
— —  during  separaiiun  of  sales,  51 
■  the  condensHtion  of  vapour ,61 

— —  by  mechanical  pressure,  60 
expands  bodies,  38 
expaosioo  of  air  by,  41 
— —  liquids,  89 

■  mercury,  40 

■  solids,  89 


water,  41 


general  observations  on,  87 
influences  the  state  of  bodies,  60 
influenced  by  surface,  66 

■  Bacbe*s  apparatus  for  illustrat- 

ing. 66    (n) 

latent,  50 

— -  of  steam,  88 

— —  made  sensible,  58 

— — —  apparatus  for  illustrating,  66 

Melloni's  experiments,  70 

nature  of,  71 

peculiar  effect  of,  4S 

polarixatiott  ofyTO 

radiation  of,  606 

■  theories  of,  70 

reflection  of,  67 

Piciet's  experiments,  68 

radiant,  66 

sensible  made  latent,  87 

sources  of,  71 

specific,  48 

~^  ol  gases,  49 

Stark's  experiments,  67 
Calarimtter,  48 
CaioHmotor,  Hare'st  89 
Camphogeni,  468 
Comphon,  463 

common,  468 
Camphront,  463 
Camphovinic  add,  454 
CtuMuta  fra/sam,  464    f n) 
Canton* t  photphoruM,  77    (n> 
Caauukoue,  476 
Ca&utehene,  476    (n) 
Capacity  for  calorie,  48 
Capnomor,  479 
Carbaxotic  add,  892 

obtained,  392 

salts  of,  892 
Carbon,  161 

bisulphurot  of,  220 

■  process  for,  220     (n) 

a  sulphur-acid.  221 

bromide  of,  205    (n) 
combustion  of,  151 
dichloride,  195     (n) 

and  hydrogen,  211 
hydroguret  of,  214 
and  iron,  227 
and  nitrogen,  219 
perohlonde  of,  191 
pcriodide  of,  902    (n) 


Carbon,  proto-chloride  ef,  191    (n) 

and  sulphur,  220 

quantity  produced  by  respiratloD,  496 

varieties  of,  16C 
Carbonate$,  characters  of,  347 
CarbO'Mutphuret  of  hydrosulphate  of  amno- 

aia,  857 
Carbonate$,  double,  368 
Carbonate  of  ammonia,  349 

baryta,  360 

copper,  852 

iron,  352 

lime,  360 

magnesia,  361       * 

potassa,  347 

protoxide  oi  iron,  352 

of  lead,  362 

soda,  348 

stroatia,  350 
Carbonic  add,  168 

absorbed  by  water,  155 

■  — ^—  quantity,  183    [nj 

by  lime,  861 

apparatus  for  solidifying.  SeoPiaia  /. 

composition  of,  153 

effects  on  vcsetation,  157 

expelled  by  beat,  361 

fatal  to  life,  155 

generated  in  combustion,  156 

liquefied  and  frosen,  157 

M  itchell 's  experiments,  167    [nj 

procured,  153 

properties  of,  154 

a  product  of  respiration,  156,  498 

quantity  product  by  respiration,  49 

specific  gravity  of,  154 

tests  of,  156 

water  tmprpgnated  with,  154 
Carbonic  Oxide,  IM 

explodes  with  oxygen,  160 

processes  for,  159 

properties  of,  160 
CarbO'Wnlphnrei  ofpotaemum,  366 

— —  hydrosulphate  of  ammonia^7 
Carburtt,  108 

of  iron,  261 
Carburetted  hydrogen,  light,  211 

action  of  chlorine  on,  212 

eombustion  ol,  212 

procured,  211 

properties  of,  212 

from  animal  bodies,  491 
Carthamin,  458  (n) 
Caramel,  470 
Caseava,  472 
Cateoaa  matter,  501 
Ceumuo,  purple  of,  314 
Cam  iron,  261 
Cationt,  what,  9S 
CatkarHnm,  484 
Cathode,  what,  98 
CauMiic,  lunar,  387 
Cednrot,  479 
Ceratin,  474 
Cerin,  461 
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Ctrmm,  289 

oxides^  289 
Cerulethntlphate  of  potiiMB,  457 
CeruUn,  457 
Cerute,  See  White  lead 
Ckainofcupa,  galvanic,  90 
Chameleon  minerul,  254 
Charcoal,  152 

absorbing  poirer»   162 — 680 

animal,  481 

coQcIacta  galvfiniam,  95 

properties,   152 

spontaneottfl  combustioo  of,  153 

See  Carbon. 
Chemical  action^  16 

promoted,  16 

inflaeoced,  16—22 

effecu  of,  15 

results  of,   14 

attraction,  18 

how  exerted,  13 

modified,  19 

—  illustrated,  14, 16,  17 
energies  of  bodies  inflneneed  by  light  ,74 
equivalent,  25 

Chemical  eymbolst  83 — 513 

table  of,  84 

forroule,  33 

nomenclature,  102 
Chemiatry,  defined,  1 

foundations  of,  I 

organic,  862 

inorganic,  118 
Chevreul'e  researches  on  oils,  &e.  460 
Chio  turpentine,  461    [n] 
Chloral,  448 

Chlorates,  characters  of,  339 
Chlorate  of  baryta,  340 

potassa,  839 

soda, 349     (o) 
Chloric  acid,  192 

ether,  452    [n] 
Chloridee,  184,  226 

with  ammonia,  359  - 

of  gold,  314 

auro,  858 

oxy,  359 

E latino,  358 
ydrargo,  358 

rhodio,  359 

of  iodine,  201    [n] 

metallic,  226 

with  phosphnretted  hydrogen,  860 

various,  195    [n] 
CA/on'de  of  nitrogen,  193 

bromine,  2804    [n] 

ethyl,  451 

potassium,  288 

zinc,  263 
Chlorine,  180 

absorbed  by  water,  181 

action  on  ammonia,  210 

metals,  188 

»~^  carbaretted-hydrogen,  212 

antidote  to,  182    [n] 

68 


Chhrinej  action  on  olefisot  gat,  214 
condensed,  184 
effect  of  light  oo,  185 
detected,  184 
explosion  of,  184,  apparatiu  for,P/./l. 

with  ether,  450 

hydrate  of,  182 
nature  of,  195 
obtained,  181 
peroxide  of,  191 
supports  combustion,  182 
unaltered  by  heat,  183 
uses,  184 
weight.  182 
with  cyanogen,  41 
^  hydrogen,  184 

■  metals,  225 
"—^  nitrogen,  198 
o>xygen>  189 

■  phosphorus,  183 
—- — —  mercury,  188 
tin,  183 

CA/ono<2tc  ^cid,  201    [o] 
Chloritety  341 
Chloroform,  448    [n] 
Chloro  carbonic  Acid,  195    [n] 
Chloro-nitroue  Gae,  195    [n] 
Chlorophyllite,  459 
Chlorout  Acid,  191 

process  for,  192 
Choak  damp,  156 
Cholera,  effect  of  on  the  blood,  499 
Choleattrine,  501  * 

Cholie  acid,  501 
Chrietiion'e  experiments  on  alcohol,  442 

table  of  strength  of  wines,^445 
Chromaies,  charaeters  of,  845 
Chromate  of  iron,  277—346 

acid  from,  279 

lead,  346 

potassa,  346 

zinc,  346    [a] 
Chrome  alums,  331 
Chromic  acid,  279 
Chromium,  277 

chlorides,  280 

oxides,  278 

perfluoride,  280 
Chromule,  458 
ChromulUe,  458 
Chyle,  501 
Cinchona,  varieties  of»  483 

acid  in,  388 
Cinchonia,  485 
Cinnabar,  806 

factitious,  306 

manufacture  of,  806    [n] 

native,  807 
Cwmamomie  acid,  382     [n] 
Circlet,  voluic,  85 
CUitin,  486 
COric  add,  proceii  for,  388 

from  currants,  163 
Clot  hing  ftt5f  tanee«,oondiictiag  pow«r  of,  68 
Coag%laH«m  of  blood,  495 


coo 


saa 


CYA 


Comi,  ffiis  from,  212-480 

diBtillation  of,  490 

miDM,  fire  damp  of,  212 
Coating  of  vesMtUt  l(iS    [n] 
CobtUt,  obtained,  268 

alloyfi,  270 

chloride,  269 

oxide,  269 

properties,  269 
CobaUate  of  ammonia,  S69  [n] 
Cocoa -nut  til,  400 
Codeia,  440 
Coffte,  analysis  of,  485 
Cohetian,  Z 

diminished,  19 

Coke,  153 

Colehieum  autumnaU,  437 

CoUoihar,  911 

Cold,  artificial  produced,  51,  60 

by  rarefaction  of  air,  50 

by  carbonic  acid,  15S    [a] 

by  ether,  450 

tables  of  mixtures  for»  51 
Coloeynthin,  485 
Colocynth,  485, 
Colophon,  404r 
Colouring  maUer$f  456 
Colouring  matter  of  flowers,  484 

of  fruits,  486 

of  blood,  496 
Colowi,  adieclive,  456 
Colour,  iu  mfliieoce  on  absorption  ef  calor- 
ic, 69 

. •  of  odours,  606 

Colours,  theories  of,  74 

destroyed  by  chlorine,  182 

removed  by  carbon,  162 

sobstaniive,  456 
Cobimbie  aeid^  285 
Cohtmbium,  284 

acid  of,  285 

o^ide  of,  286 

•btained,  284 

same  as  tantajom,  284 
Comhvnation,  laws  of,  24 

accounted  for,  24 
Combining  proportion,  26 
Combuetion,  121 

Berselius'  theory  121 

LaYoisiers'  theory,  121 

in  oxygen  cas,  120 

increases  Uie  weight  of  bod iee»  121 

of  alcohol,  443 
Compoundt  of  many  proportions,  24 
Compound  voltaic  eirelee,  91 

radicals,  867 
Compound  blow  pipe,  607 
Conottctors  of  calorie,  68,629 
Congelation,  artificial,  60 
Conieina,  484 
Conium  maculatum,  484 
Conetiiutional  water,  6 
Contiguoue  attraction,  2 
ContracHonfrom  htat,  42 
Cooling,  rate  of»  Taried  by  torlaoe,  66 


Copaina,  464 

adulteration  of  detected,  465 
Copal,  465 

solution  of,  465 
Copper,  acetate  of,  379 

alloys  of,  297 

cleaning  of,  296    [n) 

chlorides,  296  ^^ 

combination  with  ammoni«»  328 

di-carbonate,  352 

effect  of  galvanism  oa,  95 

heat  on,  294 

ores  of,  294 

oxycbloride,  359 

plates,  preservation  of,  298    (n] 

properties,  294 

scales,  328    [n] 

sulphate  of  oxides  of,  328 

sulphurets,  296 

whitened  by  arsenic,  276    (■) 
Copperaa,  326 
Cork,  483 

Com  poppy,  petals  of,^  486 
Corrotive  Hublimatc,  301 

antidote  to,  305 
Cortical  layert,  482 
Cras«a9ien<ttm,496 
Cotton,  483 

Craufford:*M  experimente,  68 
Croaae*§  experimente,  98 
Croton  oil,  460 
Cream,  501 
Cream  of  tartar,  384 
Crem'c  acid,  394 
Creoeote,  478 
Croconic  add.  373 
Croeui  of  antimony,  287 
Crude' tartar,  384 
Cryophorue,  61    (n) 
CryetalUzation,  agency  of  cohesioD,  20 

condition j  for,  3 

connexion  of  with  cbemistry,  13 

influence  of  light  upon,  7 

laws  of,  9 

promoted,  6 

■jBcems  of,  10 

theories  of,  7 

water  of,  5 
CryatalUxed  tin,  265     [n] 
Cryetale,  axes  of,  9 

large  forms  of  obtained,  6 
.  from  fusion.  4 
CupellaHon,  308     [n] 
Cuticle,  494 

Currants,  acid  from,  383 
Cyanaiee  of  ammonia,  399 

anomalous.  399 

basic,  399 
Cyanic  add,  398 

properties  of,  399 
Cyanodide  ^  Eihyle,  462  (a) 
Cyanogen,  219 

analysis  of,  220 

compounds  of,  396 

obuioed»219 
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Cffonogeny  propeiticf ,  220 
and  hydrogen,  405 
and  iroR,  compounds  of,  412 

iodine,  419 

oxygen,  398 
Cyanuratea^  404 

Cyanureit,  double,  of  metals,  412 
Cyamwett  of  ammonium,  409 
potawium,  409 

—iron,  410 

palladium,  411 

silver,  411 


Cyamirie  acid,  403 

radical  of,  398 
CyUie  oxidt,  483 

D ALTON,  his  theory  of  atoms,  29 

■  of  elements,  31  (n) 

of  the  atmosphere*  140 

Daguerre,  his  invention,  507 
JkmuVt  experimenU,  8 
Deeofrtpontion,  18 

by  electro-magnetism,  102 

—  galvanism,  96 
DeerepUi^ion,  6 
D^fUtgrtUum,  225 
D^fiagraior,  Hare's,  91 
Deliquetcenee,  5 

Dctoy,  his  giilvanic  experiments,  96 

—  list  of  vokaic  circles,  87    [n] 

—  protector,  87 

—  safety  lamp,  78 

—  theory  of  galvanism,  101 

—  tlteory  of  chlorine,  185 
D€lphmia,A3n    (n) 

J>€  Lue's  eohtmna,  92 
Deruity,  maximum  of  water,  48 
Deoxidaiion,  122 
Deoxidizing  rayi,  75 

substances,  their  actien  on  indigo,457 
Dextrine,  510 
DepMogi»Hcatedair,US 

—  nitrons  air,  141 
Detonating  powdere,  340,402 
Deuioearbohydrogeny  414r   [n] 

its  relation  to  aldehyden,  447    (n) 
Dew,  62 

peint,  63 
Diagrams,  19 
Diamond,  pure  carbon,  151 

combustion  of,  151 
DtcAtort<ieofearl)on,  195    [n] 

sulphur,  195    [n] 
Differential  thtrmomefert,         46 
Diffuion  ofgatee,  Mitchell's  exp'ts  on ,497 
JMffiuiveneM  ofgaees,  140 
Dilatation  of  air,  41 
Dipper t  oii,  491, 5<» 
Dieeaatd  blood,  499 
DistT^ecftng- /i^,  349    [n] 
DutUlaOon,  132 

destructive,  368 

of  vegetables,  477 

DuUlled  water,  162 
Dob€r€iner*ilamp,  126 


DinUfU  eketine  efflnity,  17 

caYbonates,  363 

fluorides,  361 

iodides,  360 

sulphates,  330 
Dragon's  blood,  465 
Drammondi'a  light,  76 
DucHle  metaU,  228 

Dumaa*  procetis  for  carbonic  oxide,  169 
DuUh  gold,  7Sn 
Dutroehet,  experimenu  of,  497 
Dyeing,  456 
Dyee,  black,    467 

blue,  457 

red,  456 

with  indigo,  458 

EARTHS,  alkaline,  S28 

bosee  of,  £28,287 
Ebullition,  56 
JSffl&re§eence,  5 

effects  of,  21 
Effluvia  of  putrescent  sobstaocei,  492 
Elaine,  460 

Elastic  gvm,  see  Caouiehoue,  416 
Elaterium,  485 
Elasticity,  effects  of,  21 

increased  by  lieat,  21 
influences  results,  22 
ElaHn,  485 
Elective  i^nity,  17 
EtectricUy,  79 

and  galvanism,  identity  of,  95 
action  on  ammonia,  2&9  ** 

— —  on  albumen,  493 
by  induction,  81 

Faraday's  theory  of,  81 

nature  of,  94 

quantity  and  intensity,  94 
sources  of,  84 
theories  of,  79,  81 
voltaic,  85 
Electrical  battery,  84 
Electro'Chemical  equivalent  IW, 

decomposition,  101 
Faraday's  theory  of,  101 
Electrodes,  98 
Electrolytes,  only  excite,  99 
Electrolytic  action,  99  - 
Electrolyze,  98 
Electromagnetism,  102 
Electrometer,  80 

Volta%  100    (n) 

Electrophorus,  84 
Electro-positive  bodies,  101    ,. 

negative,  101 
Erithrogen,  497 
EtkyHde  of  potassium,  610 
Elements,  chemical,  37 
Emetic  tartar,  385 
EmmeVs  process  for  formic  acid,  374 
Emetina,  437    [n] 
Emulsin,  475 
EHquatian,  309  [n]  300 
Enamel,  178    (a) 


FEC 


540 


FBU 


EndotmoMe,  497 
EpMom  MalU,  925 
EquwaUnU,  chemieal,  25 

ofcompoundfl,  26 

determined,  28 

electro-chemicaly  100 

iwei  of,  28 
'Erythrin  fi65 
Erythrogen,  497 
Ethal,  448 
EihyU,  609 
Ethyl,  461 

chloride  of,  451 

cyanodide  of,  462    (n) 

Bulpburet  of,  462 
Ether,  ^48 

salphoric,  448 

parificatioo  of,  449 

Philip's  proceBS  for,  449     (n) 

prodoctioo  of  cold  by,  57 

explodes  with  oxygen  and  with  chlo- 
rine, 450 

action  on  oxidei,  451 

bate  of,  451 

hydrochloric,  451 

nitric,  453 

oxalic,  453 

oenanthic,  454 

Ihialic,  452 

hydrocyanic;  462    (n) 

sulphobydric,  462    (n) 

chloric,  452    (n) 

iodic,  452 

sttlphocyanic,  452 
Eth€f$,  theory  of,  865 
EtheraxalaU  of  potaua,  453    (n) 
Ethumie  aeid^  395 
Etheroxamide,  468 
Eihiop*M  mmeral,  307 
Euehlorine,  189 
Ewdiometry,  137 

Gay  Lttnac*8  method,  146    (n) 
EtidUmettr,  l^ 

Doebereiner'f ,  139 

Prieetley's,  139 

Ura'f,£38  (n) 

Yolta*!,  139 
EupUm,  476--477 
EvtqMfratum,  4, 57 
E»o9mote,  497 
Expimnon,98 

of  air,  rate  of,  42    (n) 
Extraeihe,  477 
Extradmn  Satumi,  879 


FARADAY,  hi<  asperimenti,  98 

electrical  inveiti|Eatioiw,81 

•^—  indoctometer,  82 
—-^  new  ternu,  98 

theory,  81, 82,  101 

volu-electrometer,  100  (n) 


Fa<,  602 
Feathen,  494 
Fecula,  471 


FemuntaHon,  4S7 

aoctouB,  487—489 

penary,  490 

vinouB,  487 
Fermented  Hquor§,  strength  of,  444 
FerrO'Cyanogen,  coropouods  of,  412 
Ferro-cyanurete,  413 

decomposed  by  beat,  413 
«       with  two  basic  metals,  416 
l^«rrocyamtrcl  of  ammonium,  413 
mercury,  415 
potassium,  418 
potassium  and  iron,  416 
Fibrin,  492 
Finery  cinder,  266 
Firedttmp  of  mines,  212 
Ftretoorke  without  smell,  Ic6.  125 
i^sd  acids, '382 

oils,  459 

effect  of  air  on,  469 

spontaneous  combustion  of  459 
Flame,  what,  213 

light  and  heat  of,  77 

tinged  by  selenium,  179 

red  and  green,  336    (n) 
FUmr,  wheat,  471 
Fhwert  ofwulphur,  162 

colouring  matter  of,  484 
FkUdity,  caloric  of,  50 
Fhioborie  acid,  207 

obtained,  207 

properties)  207 
Fhdde,  imperfect  conductors,  65 
Fluoric  tictd,  see  Hydro-fluoriCt  205 
FhumHeic  acid,  20S 

singular  appearance,  208 
Fhwridee,  double,  361 
Fluoride  of  calcium,  205 
JFihioriiie,  205 

action  on  metals,  226 
Fhior  spar,  205 
Flax,  black,  271     (n) 

white,  338    (n 
F/yootoder,  272 
For&es's  experiments,  70 

spark  from  magnet,  102 
Formic  add,  373 
Formo-henzoiUc  add,  395 
Forma  of  crystals,  9 
FormuJUt,  chemical,  SSa  513 

abbreviated,  85 
Fowler* 9  solution,  346 
Freezing  wixtwreie,  51 

apparatus  for,  53    (o) 

in  vacuo,  60 

Leslie's  method,  60 

of  mercury,  63 

by  carbenrc  acid,  167 

—  by  ether,  450 
Fretxing  and  hoiUngt  of  water  and  ether, 

450 
Frost,  62 

bearer,  61 
FrieHon,  light  from,  77 
^Wias,486 
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^Witlf ,  acidi  of,  466 

eoDtaia  tugar*  486 
colouring  matter  of,  466 

fkUmbuUing  gold,  813 
platinum,  818 
powder,  SS4 
silver,  810 
mercury,  402 

Fanning  liquor,  267 

FumaeeB,  111 

FiuibilUjf  ofmdal$,  223 

JF\uion,  watery  of  cryetab,  6. 


QALACTIN,  461 

Galena,  ^8 

Gallic  acid  obtained,  887 

propertiei,  887 

use,  888 

precipitates  by,  887 
Gall$,  887 
Gahanie  arrangemenU,  85 

battery,  89 

Hare's,  89 

pile,  90 

trough,  90 
Gahaniamy  see  VoHaie  eltetriaijf,  8A 

excitement  of,  85 

and  electricity,  identity  of,  94 

decomposes  water,  96,  J81 

theories  of,  92 
GoiUt  equivalent  weights  of,  82 

expansion  of  by  beat,  42 

Gondensible  by  pressure,  118 

apparatus  for  ex|)erixnents'oo,  107 

method  of  weighing,  116 

—  transferring,  118 

quantities  of  absorbed  by  wa4er,  188 
(n) 

purity  ascertained,  188 

from  gun-powdcr,  885 

give  out  their  latent  beal  by  compres- 
sion, 50 

ratios  of  combining  vols*  83 

calculated,  ffi 

specific  heac  of,  49 

specific  gravities  of,  32 

tendency  to  become  tborowhly  mix- 
ed, 127 

Senerallawoftheirunioabyvols.  81 
ifTusion  of,  MitcheU's  exp'if^  497 

tend  to  mix  together,  127 

liquefaction  of,  117 

solidificaiioo  of,  157 
a»  MtUi,  107 

bags.  107 

holder,  109 
Ga§,  what,  105 

amuoniacal,  208 

arseniuretted  hydrogen,  276 

asotic,  or  nitrogen,  184 

binoxide  of  nitrogen,  148  ^ 

light  carboretted  nydrogeoi  211 

carbonic  acid,  158 

carbooicoxJday  159 


Gat,  carbm^ttedhydrog«B,  211 
coal,  480 
chlorine,  180 
cblorouitrous,  195    (o) 
cyanogen,  219 
fluoboric  acid,  207 
hydriodic  acid,  198 
hydrochloric  acid,  184 
hydrogen,  122 
hydrosulphuric  acid,  214 
— —  properties  of,  215 
—-  action  on  metals,  215 

salts  of,  215 

hydro-zincic,  327    (n) 
h^drotelluric  acid,  298    (a) 
nitric  oxidf},  148 
nitrogen,  184 

nitrous  acid,  146 
nitrous  oxidb,  141 

purity  ascertained,  148 

oil,  481 

olefiant,  213 

oxygen,  118 

oxy muriatic  acid.    See  Cklorwu  gOB, 

phosgene,  195    (n) 

phosphuretied  hydrogen,  217 

protoxide  of  nitrogen,  141 

seleniuretted  hydrogen  217 

sulphuretted  ,  214 

sulphurous  acid,  168 
Qa9  HghUi  481 
Gay  lAt$aae*$  theory,  81 

apparatus  for  hydrogen,  V'^ 

method  ef  analysis  of  ga»e»,   145    (d) 
Gasometer,  108 

n^ercnrial,  110    (n) 
Gelatine,  properties  of,  498 

test  of,  498 
Glaaer*»  polychreet  §alt,  384 
Glairin,  475     (n) 
G/ost,  178 

action  of  hydroflnorie  acid  aa,  206 

unneuling,  178 

of  antimony,  287 

of  borax,  847 

pastes,  178    [n] 

etching  on,  206 

method  of  colouring,  178    [n] 

varieties  of,  178 

vessels,  acted  upon,  178 
GlauberU  ealt.    See  Sulphate  qfeoda. 
Glauberite,  330 
Ghidna,  method  of  obtainiag,  249 

distinguished,  249 

properties,  249 
Glueinmm,  248 

sesquioxida  of,  249 
Gbu,493 
Gluten,  471—474 
G^tfi,  475 
Glycerin,  471 
Oo/tf,  malleability  of,  812 

alloys  of,  815 

chlorides  ol,814 

fulwinatiagy  813 
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(Mi,  oxides  of,  ns 

pare,  312-^14 

percyanoret  of,  412 

precipitanU  of,  814 

reviralof,  314 

solution  in  ether,  814^-461 

■tandard  ofU.  S.,  816    (o) 

■eparated.  812—829  [d] 

cleaned,  296    (u) 

away  of,  816 

powder,  316 

effect  ofgalvanifim  on,  96 

mosaic,  268— 297    (n) 

Dutch,  297 

fineness  of,  816 

colour  destroyed,  815  ^ 

ductility  destroyed,  816 

anaJ^is  of  alloys  of,  816 
€roOBebem€9f  acid  frum,89S 
Goniometera,  8 
GradiuUed  vettelg,  107 
Qraham*a  experiments,  140 

on  alcohol,  442 
Ch-apkOe,  261 
Gramel^  urinary,  606 
GreenjUrt,  886    (n) 
Gregory* $  proeesaf&r  kytbrO'eMorate  of 

morphia,  489    (n) 
CrraviUUion,  S 
Cfravity,  influence  of,  23 

specific,  effect  of  chemical  union  oo,  16 

of  ^ases,  82,  114, 116 

■  of  solids,  116 

— —  of  powders,  116 

— ^—  of  liquids,  116 

water,  standard  of,  114 
Gum  rerina,  466—482 

fetid,  466 

cathartic,  467 

sedative,  467 
Guma,  473 

€runpo¥)der,  composition  of,  384 
Gypaum,  826 

HJEMA  TITE,  red,  267 
HtemaHn,  468    (n) 
Ba{f  equioalenia^te 
Hare^a  apparatus,  64 

blow  pipe,  127 

calorimoior,  89 

reservoir  for  hydrogen,  1S3 
Hair,  494 

Haloid  aalta,  106,  368 
Haaaenfratx,  his  theory  of  animal  heat,  499  . 
Haliy'a  theory,  7 
Heat.    See  Caloric,  37 

animal,  498 

Black's  theory  of,  499 

of  flame,  77 

guarded  against,  69 

nature  of,  71 

ktent,  60 

and  cold,  sensations  of,  37 

operation  of  oH  animal  bodies,  491 

polarised,  70 


Heat,  infloeDces  affinity,  22 

radiant,  66 

sources  of,  71 

specific,  48 

transfer  of  prevented,  64 

theories  of,  70 

Henry's  apparatus,  68     (n) 
Heevene,  476 
HelloVaink,910    (n) 
Hemlock,  484 

Heterogeneoue  aUraeUon,  13 
Hircine,  602 
Hog'a  lard,  602 
Htmberg^a  phoaphorua,  242 

pyrophoras,  330 
Honey,  All 

stone,  876 
Hoofa,  494 
Hopa,4S6 
Hordein,  473 
Horn  aiher,  310 
ifoms,  494 
HumuM,  490 
Hydrate,  what,  188 

•r  hypophospborona  acid,  172 
Hydriodatea,  199 
Hydriodic  aM,  198 

properties,  199 

detomposed,  199 

test^of.  200 

ose,  200 
Hydrobromic  add.  203 

process  fur.  204 

properties,  204 
Hydrocarharet,  211 
Hydroehlorate  ofammoma^  368 

native,  864 
Hydrochloric  add,  184 

process  for,  186,  187    (n) 

absorbed  by  water,  186 

apparatus  lor,  187    (n) 

composition,  189 

liquid,  187 

recognised,  189 

theory  of,  185 
Hydroeyanate  of  ammonia,  409 
Hydrocyanic  add,  406 

with  metallic  oxides,  409 
Hydroferrocyanic  add,  412 

—  and  metallic  oxides,  418 
Hydrqfkioric  add,  206 

action  on  glass,  206 

.  on  metals,  207 

Hydrojluate  of  ammonia,  864 
HydroflwUea,  207 
Hydrojtuoridea,  861 
Hydrometer*,  448 

INDIAN  CORN,  mtgar  of,  470 
Indigo,  467 
Mdigogen,  467 
Intermediate  bodiea,  441 
Ink,  indelible,  838,  new,  509 

printers',  469    (n) 
Imohiiblt  eyamtreta,  409 
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huohtble,  chloral,  448 
JhuHn,  470 
Jodie  ether,  452 
Iodine,  nature  of,  198 

detection  of,  198—508 

in  sea  water,  508 

oxide  of,  200 

and  chlorine  201 

and  nitrogen,  201 

and  oxygen,  200 

and  phoipborus,  198 

sources  of,  196  ^ 

test  of,  198    - 
lodureU,  198 
iodouM  aeid^  200 
Mdium.  320 
Jb'on,Z56 

alum,  331 

actbn  o  f  water  on,  256 

—  of  nitric  acid,  257     (n) 

of  sulphuric  acid,  257 

acetate  of,  378 
bisulphuret  of,  260 

black  oxide,  258 
carbonate  of  protoxide,  352 
carburets  of,  261 
cast,  261 

combustion  of  \n  oxygen,  120 
with  ca^on,  227,  261 
chlorides,  258 
chromate  of,  277 

acid  from,  27 

and  cyanogen  constitution  of  the  oom- 
poands  of,  412 

cyanuret  of,  410 

fluorides  of,  259    (n) 

gray,  261 

oxy chlorides  of,  359 

phospburets  of,  260    (n) 

properties,  256 

protiodide  of,  259 

protochloride  of,  258 

protoxide  of,  257 

sesquiferrocyanuret  of,  415 

process  for,  415 

sesquioxide  of,  257 

sesc|uichloride  of,  258 

sesqu iodide  of,  259    (n) 

sulphate  of  protoxide,  326 

test  of,  389 

varieties  of,  261 
Jkinglast,  493 
Aomefie  bodiet,  36 
Jtomorphism,  12 

advantages  of,  12 

/£XXF  obtained  by  pectic  acid,  898 

Jackeon,  his  lamp,    8u  FrontiepUee. 

KELP,  Z4S 
Kertne;  288 
Kvng'e  yellow,  277 
Xime  acid,  388 


LABARRAQUE*8  Iiqmd;24l9    (n) 
Lac,  466 

varieties  of,  their  composition,  466  (n) 

solvent  for,  454    (n) 
Laccin^  466 
LacUste;  380 
Lactic  acid,  380—503 
Laciucariam,  467    (n) 
Lake;  456 
Lamp,  safety.  73,  213 

aph logistic,  78 

Jackson's,  120  (n) 

black,  481 
Lapie  lazuU,  colouring  matter  of,  286    (a) 

LtUaniumt  320 
Latent  heat,  50 

made  sensible,  53      ' 
ZMooi»ier*t  theory,  121 
XiOtos  of  combination,  24 

advantage  of,  27 
Lead,  acetate  of,  379 
I  action  of  water  on,  S98 

alloys  of,  300 

carbonate  of  protoxide,  852 

poisonous,  299    (n) 

chloride  of,  300 

detected,  299  / 

oxides  of,  293 

oxy  chlorides  of,  359 

peroxide  of,  300 

properties  of,  298 

purified,  298 

salts  of,  poisonous,  299    . 

solvent  of,  298 

subacetate  of,  879 

sugar  of,  379 
Leather,  SS9 
Legundn,  475    (n) 
LeeUe't  method  of  freexing,  60 

experiments  on  radiation,  66 

photometer,  75 
Leucine,  492 
Leydenjar,  83 

Libaviua,  fuming  liquid  of,  267 
Lichemn,  473 

Liebig  9  compound  radicals,  867 
Light,  71 

analysis  of,  74 

chemical  effects  of,  75 

magnetical,  75 

double  refraction  of,  73 

Drummond's,  76 

of  flame,  77 

influence  on  vegetation,  76 

from  percussion,  ^.,  77 

polarization  of,  78 

reflection  of,  72 

refraction  of,  72 
X4gii«n,473 
Lime,  acetate  of,  878 

bone  phosphate  of,  344     (n) 

carbonate  of,  350 

chloride  of,  243 

fluate  Off,  205 

bydrate  of,  241 


MAN 
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Lime,  bydroehbr«te»  242 

light  of,  76 

milk  of,  241 

nitrate,  386 

oil  of,  242 

oxalate  of,  372 

phosphates  of,  344 

photfphuret,  244 

propertJM  of,  241 

Bolubility  of,  241 

sulphate  of,  326 

test  of,  242 

water,  241 
lAqurfactUm,  61 

of  gaaes,  117 

—  clilorine^  134 

— —  carbonic  acid,  167 

apparains  for,  PlaU  t 

Liquid*,  expansion  of  by  beat» 


evolve  heat,  63 

manner  in  which  thtr  conduct  heat, 
64 

specific  gravity  of,  116 
lAquories  wugar,  471 
IMhia,  discovery  of,  287 

distinguished,  237 

obtained,  237 
lAUde  ticidi  504 
Z4lA«ttm,  237 

chloride  of,  237    (n) 

fluoride  of,  287    (n) 
LUmu,  466 

Lixiovum,  what,  197    [n] 
Logometrie  tcaltt  618 
Locofoeo  nuUchttt  171    [n] 
LuTUtr  eauttie,  809,  837 

MAG  IS  TER  Y  of  6traMilA,  291 
MagntmLMt  246 

chlorides  of,  246 

hydrate,  246    [n] 

protoxide  of,  246 
MagfUM,  246 

calcined,  246     (n) 

carbonate  of,  S46    (n) 

solphate  of,  326 

■  adulteration  of,  3S6    (a) 

Magnttite^  361 
MagJui^EUcirOf  102 

spark  from,  102 

decninpn«ition  by,  102 
MagneiiMm^  Electro  ^  102 
Magnetizing  rayt,  76 
Maize,  rormic  ncid  from,  374 
Malachite,  852 
ilfalic  acid,  382 
ilia/1,487 

Manganate  ofpoia$$a,  264 
Mangane9€,  261 

acids  of  with  potaasa,  give  different 
colours  with  water,  264 

in*b1ood,  496 

alum,  381 

perchloride,  266 


MemganeMe,  p^rfliioride,  956 

peroxide,  262 
-  ■  ■  uses  of,  253 

protochloride  of,  256    (n) 

proiosolphdret  of,  266    (n) 

salts  of,  252 

red  oxide  of,  253 

'   composition,  268 
Manganic  acid^  254 
Manipulalion  with  tubes,  113 
Manna^  471 
Mannite,  471 
Maple  mgar,  469 
MarbU,  153 
MarceVt  apparatus  for  boiling,  66    (o> 

for  frees  ing,  67    (n) 

Margarie  add,  891 

Margarine,  390—602 

Mareh*t  method  of  deceeting  araeniey  274 

Mauiteot,  298 

Mosltc,  466 

solvent  for,  464    (n) 
MaUkei  Cor  instantaneous  lighti  171     C^) 
Matter,  quantity  of,  22 
Meaeure  ofqfimUy,  23 
Meat,  preservation  of,  process  for,  491    {jay 
Mechanical  dtotston,  advantage  of,  16 
Meconatee,  887 
Meconia,  440 
MeUun,  897 

converted  into  cyaaoric  acid>  397 
Melandn,  396 

combinations  of,  897 
MelUte,  375 
MelHtu  acid,  876 
Mellon,230    (n)    896 
MellofWe  experimetUs,  70,  74 
Mereapian,  452 
Merewrial  trough,  Newman's,  110    (■] 

163    (n) 
Mercury,  acetate  of,  879 

adulteration  of,  301 

action  of  chlorine  on, 

oxygen,  226 

alloys  of,  307 

bichloride  of,  304 

process  for,  304     (n) 

bicyanuret  of,  411 

chlorides  of,  308 

congelation  pf,  801 

apparatus  for,  63    (n) 

—  by  carbonic  acid,  168     (d) 

detected,  306 

expansion  of,  40 

ferrocyanuret  of,  415 

fulminating,  402 

iodides  of,  806 

oxides  of,  802 

pernitrate  of 

peroxide  of,  802 

^-^~  action  o(  water  en,  80S 

protacetate  of,  879 

protochloride  of,  303 

prussiate  of 

porifiad,  801    (a) 
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Mercury,  ipacific  grivity  iDcrauied  by  cob« 
geiatioD,  SOI 

go^hates  of  oxides  of»  829 

•olpharetfl  of,  806 

with  potaiffittin,  807 
MeaiU,  466 
MetaxoHe  acid,  427 
MctaU,  acids  from,  225 

action  of  acids  on,  228 

->^  bromioe,  226 

earbon,  227 

— —  chlorioe,  226 

'  floorine,  226 

—  hydrogen,  227 
— —  iodinot  226 
-~^-  phosphorui,  227 
^-^~  8«lphar,226 

—  sniphtiretted  hydrogen,  215 
allovs  of,  224,  227 
amalgams,  224,  228 
classification  of,  228 

conduct  heat,  222 . 

decomposing  water  at  a  r«d  hMC,  229, 
261 

double  cyanurets  of,  412 

enumeration  of,  222 

fusibility  of,  228 

fused  and  ignited  by  galTaatsm,  96 

malleable,  222    (uble  m) 

not  essential  in  Voltaic  circlesa  88 

oxidation  of,  226 

qualities  altered,  224,  228 

saliftable  bases  from,  226 

seleoiurets  of,  227 

specific  gravities  of,  222 

speculum  metal,  297    (a) 

sulpburets  of,  226 

tenacity  of,  228 
MiialHc  alloyB,  227 

chlorides,  226 

phosphurets,  227 

seleniurets,  227 

sulphurets,  226 
MeUqihoiphorie  acid,  174 

pecuhnrity  of,  176 
MeU^hotphatet,  342 
Meteoric  ttanee  contain  nickel,  266 
Microcoemic  ealt,  848 
MUk,  601 

Minderer^a*$  sptrti,  878 
Mineral  chameleon,  254 

green,  362 

yellow,  869 
Mineral  waiere,  separatioa  of  salts  from, 

21    (n) 
Minium,  299 

MitcheWe  process  for  phosphortt  of  calcium. 
218    [n] 

experiments  on  passage  of  air,  497 
3iUacherlich*9  discotery,  12 
Mixiure,  frigorific,  61 
Molaseee,  469 
Molybdenum,  hydrata  af,  282 

ore  of,  282 

obuinad,  282 

69 


Molybdemm,  oxides  of,  282 

properties,  282 

sniphureu,  288 
Molybdic  acid,  282 
MolybdO'SulpkureU,  867 
Mordant,  what,  466 
Morphia,  488 

acetate  of,  489 

detection  of,  488 

hydro-chlorate  of,  439 

process  for,  488    [a] 
MarricMm,  bis  experiments,  75 
Moeaic  gold,  TBS,  V»t    [n] 
Mudn,  475 
ilfvcus,  603 

MulUpUe,  law  of  oombination  in  sinipla, 
Murexan,  488 
Murexid,4Sl 

Muriate:    See  HydrochloraUe,  858 
MuriaHc  acid.    See  Hydrochloric,  184 

impurities  of,  18o 

prepared,  187 
Mitclee.  494 
Muacovado  eugar,  469 
Muat,  488 
Mu&tard,  486 
MykomeUmc  add,  427 
Myriein,  461 
Myrtle  i0cur,461 


NAILS,  494 
Narceia,  440 
Narcotina,  437 
Naphtha,  477 
NaphthaHcacid,4B(>    (n) 
iVflpJUAolMM,  479 
Naecent  ttate,  what,  21 
Nature  of  chlorine,  196 
Neutral  compcfunde,  26 

vegetable  principles,  467 
NeiUraUxaUon,  14 
Nemman*e  trough,  110    (a) 
Nickel,  270 

chloride  of,  271     (n) 

detected,  270    (n) 

properties,  270 

protoxide,  271 
NicoHn,  441 
NighUhade,  484 
Nitratee,  characters  of,  882 

of  baryta,  835 

copper,  886 

lime,  ^6 

oxida  of  ammonium,  835 

oxides  of  mercury,  836 

potassa,  888 

protoxide  of  copper,  836 
JVifra<e  of  silver,  837 

of  soda,  835 

of  strontia,  886 
Nitre,  888 

decomposed,  838 
Nitric  acid,  147 

action  on  aaiaal  matter,  149 
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NUrie  aM^  oetSoa  on  fixed  oik,  459 

iron,  257    (n) 

lead,  300 

—  oietaal,  150 

»— ^—  phoaphoraif  160»  174 

—^  sugar,  470 

Tolaiile  oils,  462 

boiling  point  of,  149 

decompoted,  160 

detacted,  609 

effect  of  light  oo,  149 

oxide  of,  148 

properties  of,  149 

proporiion  of  real  acid  in  190  paitSy 
628. 

prepared,  147, 148    (n) 

purified,  148 
JVUrie  eMer,  468 
JVtUritos,  889 
JSUtogfii,  184 

in  animal  subatanoei,  490 

analysis  of,  148 

detected,  609 

process  for,  134 

and  oxygen,  186 

—  carbon,  219 
binoxide  of,  148 
^—  properties,  144 
^—  use  of,  146 
chloride  of,  198 
phosphuret  of,  220    (n) 
protoxide  of,  141 

quantity  abM>rbed  by  water,  188    (■) 

quadrochloride  of,  198 

sulpburet  of,  221    (n) 

supposed  base,  185 

teriodide  of,  201 
NUnmaphihaUt^t  480 
NUrmu  ether,  468 
NUroua  air,  depblogistieated,  141 

acid,  14€ 

-^—  properties,  147 

gui,  148 
NUrO'kydrochlorie  acid,  189 
■  sulphuric  acid,  8S^,  387 

yUrouM  oxide,  141 

analysis  of,  148 

absorbed  by  water,  133    (a) 
NUrouM  iurpeth,  887 
NobilHU  experimenie,  70 
NomeneUUure,  102 
Noyeau,  485 
Nuxvamiea,  497 

OERSTED* 8  discoTeries,  102 
(Emmtkie  ether,  464 
Octahedral  eyeiem,  10 
OU  gae,  461 


cocoa  nut,  460 
croton,  460 
olive,  480 
palm,  480 
of  tartar,  848 
on,  of  torpeotioe,  462 


apparatus,  481    (n) 


Oi/,  of  wine,  462 

almonds,  486 
OiU,  action  of  acids  on  fixed,  469 

action  of  nitric  acid  on,  469 

action  of  alkalies  on,  460 

combustion  of,  469 

drying,  469 

soap  trom,  890 

spermaceti,  608 

train,  503 

volatile,  461 

watchmaker's  460    (n) 

sweet  principle  of,  471 
OUyacide,  890 

Oleagirumt  eubitancei,  468—^02 
defiant  gae,  213 

action  of  chlorine  on,  214 

properties  of,  214 

quantity  absorbed  by  water,  183     (b) 
Oleic  acid,  391 
0/etn,  891,  602 
0/etne,  460 
Ofiec  oU,  460 
Qptum,  467 

alkali  of,  488 

detected,  488 

process  for,  488 

acid  in,  386 

substances  in,  440    (n) 
Organie  chemiairif,  862 

principles,  862 

— ^—  classes  of,  868 

matter  in  water,  182    (n> 
Organic  and  Inorganic  eompimmdB, 

distinction  between,  8t>2 
Orpimeni,  277 
OenMzome,  498 
Osmtc  acid,  819 
Osmttim,  319 

oxide  of,  319 
Oxalate  qf  ammonia,  871 

lime,  872 

calculi,  869,  605 

potassa,  371 
OxaUe  acid,  369 

cora|x>sition  of,  371 

decomposed,  871 

distingttinbed,  870 

from  tannic  acid,  389 

properties  of,  870 

theory  of  its  prodaetton,  370 

poisonous,  870 

in  vegeiables,  369 
Ostf/oetnsc  acid,  454 
Ox<Uurate  of  ammonia,  426 
Oxahric  acid,  4t8 
Oxamide,  467 

analysis  of,  468 

obtamed,  467 

properiiM  of,  467 

action  of  sulphuric  acid  on,  467 
Oxide,  carbonic,  169 

quantity  absorbed  by  water,  138     (a) 
■  .  by  charcoal.  580 

cystic,  488 
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Oatide,  nitric,  148 

nitroui  absorbed  by  water,  138    (o) 

' by  charcoal,  680 

of  phosphoriM)  171 

process  for,  172    (d)  608 

of  selenium,  179 

aric,  438 

Kanthic,  438 
Oxideit  nomenclamre  of,  108      ■ 

reduction  of,  226 

sesqot,  102 
Oxy-ehloridtt,  859 

of  copper,  869 

lead,  859 

iron,  869 
Oxygen,  absorbed  by  the  blood,  119 

I   by  combustible  bodies,  121 

'^—^  by  tannic  acid,  889 

action  of  on  blood,  498 

compounds  of  combustible  bodies  with, 
122 

of  chlorine  with,  189 

derivation  of,  103 

diminished  in  combustion,  120 

by  respiration,  498 

explosion  with  ether,  460 
loss  of  compensated,  141 

not  the  sole  principle  of  acidity,  122 

produces  oxides  and  acids,  122 

union  with  hydrogen  forms  water,129 

^-^~  nitrogen,  141 

'—'  chlorine,  189 

^,  118 

Its  effect  on  indigo,  467 

properties,  119 

procured,  118 

combustion  of  carbon  in,  120 

'—'  of  phosphorus,  120 

quantity  absorbed  by  water,  188     (n) 

■  by  charcoal,  680 

——required  for  combustion  of  woods^ 

484 
supports  life,  119 
Oxy-kydrogen,  blow  pipe,  128, 607 
Oxyiodidet,  860 

Oa^nmriaSic  acid.    See  Chlorine. 
Oxy-muriatee.     See  Chhratea. 
Oxy-ealU,  820 

PALLADIO'CULORIDES^  368 

Po/todtum,  319 

eyanuret  of,  411 
oxides  of,   319 

Palm  oiU  460 
Panary  fermentationt  490 
PanereaUepdce,  600 
Paper,  test,  465,  370 
Parabanic  a^,  428 
Paranianog^f  220    (n) 
Pareffin,  477 
ParanaphihaHne,  480 
ParUlia,  440 
ParU  ofplanU,  482 
ParMee  qf  bodUe,  2 
integnuit,  13 


PeeHe  acid,  898 

obtained,  993 

Peeftn.  898 

Pearlash,  847 

sources  of,  348  .    j  i«i 

quantity  of  alkali  itt,  tsoarUioed,  168 

Pearl^hUe,  291 

powder,  291     (n> 
PelhUer  and  Caneataue  proceM  for  Cin- 

chonia,  436    (d) 
PerehloraUe,  341 
Perchloric  add,  198 
Perchloride  of  carbon,  194 

of  mangaueae,  256 

of  phosphorus,  196    (n) 
Percueeion,  light  from,  77 
Pereyanuret  of  gold,  412 
Perfiuoride  of  manganeu,  »0 
Per^med  euenees,  482 
Pmodtc  acid,  201    (n) 
Periodide  of  carbon,  202  (ft) 
Permanganie  acid,  3MS4 
Peroxide  of  hydrogen,  184 
Permhhuret,  of  arsenic,  277 

hydrogM,81t 

Petroleum^  477 
Peru,  balsam  of,  466 
Petoter,  268,  288,  300 
Phlogiston,  121, 122 
Phoephates,  characters  of,  142 

detected,  842 
PtlcA,464 

PlaHng  of  copper,  812 
Port /re,  886    (n) 
P^^entctn,  457 
Phoephoretcence,  78 
PAofp^ort,  solar,  76 
Pho^horie  add,  173 

distinguished,  174 
glacial,  176 
prepared,  174 
matches,  171    (o) 

test  of,  174 

union  with  bases,  174 
Photphorou*  acid,  178 
Photphonu,  169 

action  on  metals,  tS7 

of  nitric  acid  on,  174 

Baldwin's,  77    (n) 

Bolognian,  328 

bromides  of.  205    (n) 

Canton's,  77    (n) 

characters  of,  169 

combtution  in  oxygen,  120,  170 

. slow,  170 

■  under  water,  840 

effect  of  light  on,  171 

equivalent  of,  171 

inflames  in  rarefied  air,  170 

oxide  of,  171 

Verrier's  process,  172  (■) 

Botger's    808 

solution  io  ether,  171 

union  with  chlorine,  188 

hydiKigen,217 
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Pkotphonu,  nnion  with  iodint,  196 
•  oxygen,  171 

DM  in  eudiomeiry,  139 
Phoaphoffinic  acid.  895  (n)^4M 
Photphuret  ofealcmm,  218   (n) 

of  nitrogen,  2^0  (n) 
PhotphureU,  metallic,  227 
Photpkuretted  hydrogen,  217 

prepared,  Xl7 

chluridei  with,  860 

combustion  in  oxygen,  219 

effect  of  light  on,  219 

•alts  of,  366 
Photogenic  drawing,  811  (n)  507 
Pieamar^  479 
Pieromel,  601 
Pinchbeck,  297 
PicUVe  experimenU,  68 
PiUol,  electrical,  185 
Piltaea/,  479 
Piante,  pnru  of,  482 

retpiration  of,  511 

jiiicei  of,  488 
PlaUna-mohr,  9TJ    (o) 
Pfaltno.eA/orulef,358 

^—  biaiodide  of  potaniun,  860 

^—  of  hydrogen,  860 

PlaHmm,  816 

actioa  on  hydrof«n  and  oxygen  gaaeif 
816 
on  alcohol,  377    (n) 

■  on  carbonic  oxide,  160 
chloridea  of,  317 

eondttcte  caloric  elowly,  316 

eiliereal  aolution  of,  461 

liilminating,  818 

iodide  of,  818 

oxidei  of,  817 

properties  of,  816 

•pongy,  316 

■ulphureta  of,  318 

teau  of,  818 
PkaiomorphiMmt  13 
Pneumalo-ehemieai  trough,  106 

mercurial,  110,  168  (n) 
Polarixaiion  of  heat,  70 

of  light,  78 
PoUe,  voltaic,  98 
PoiUmn,4n5    (a) 
PoiychroiU,  468 
Poppy,  486 
PoUuh,  caustic,  232 
Poiaua,  282 

acetate  of,  378 

action  on  organie  compoanda,  368 

bicarbonate  of,  848 

binoxalate  of,  871 

bisolphate  of,  822 

bicartrate  of,  384 

carbonate  of,  847 

chlorate  of,  839 

distingaishedf  232 

• affiirda  oxygen,  119 

■  action  on  inflammables,  889 

■  —  of  aalpharic  acid  oa,840 


Potoiaa,  cbronuitea  of.  346 

croconate  of,  372 

fuse,  282 

etheroxalate  of,  463    [n] 

iodate  of,  341 

manganate  of,  254 

nitraie  of,  383 

preparation  of,  232 

properties  of,  282 

proto-hydraie  of,  282 

pure,  prerared,  232    [n] 

purified,  232 

qnadroxalate  of,  872 

bistearate  of,  890 

aulphate  of,  822 

bisolphate,  922 

■olplio- ind igotaf e  of  896 

tartrates  of,  886 
Potosflttcm,  229 

apparatus  for,  628 

boro-flooride  of,  861 

bromide,  of 288  [n] 

carbo-solphuret  of,  366 

carburet  of,  288    [n] 

chloride  of,  2SS 

compounds  of,  281 

cyanuret  of,  409 

■  process  for,  410 

decomposes  water,  231 

ferrocvanuret  of,  413 

fluoride  of,  238    [n] 

and  hydrogen,  23o 

hydro-sniphuret  of,  366 

iodide  of,  233 

phosphurets  of,  234    [n] 

platino-biniodide  of,3i60 

processes  for,  230 

properties,  280 

•elenturets  of,  234    [n] 

sulphurets  of,  234,  284    [n] 

and  iron,  ferroeyanuret  of,  416 

tersniphuret  of,  234 
Pofafoet,  483 
Powder,  fulminating,  334 
gun,  334 

with  chlorate  of  potaan,  340    (o) 
Pp<eqiila<e,red,302 

process  for,  802    (n) 
PreetjntelM,  apparatus  for  drying,  69 
PreevUaiion,  18 

Preeenmiimt  of  animal  substances,  491 
Presatire,  influences  the  boiling  point,  56 

—  crystallisation,  6 

'~^^—  cliemical  action,  23 
Pp«vo«rs  theory,  71 
PrieetUy*9  method  of  analysts,  139 
Prtai<fw</»rai»,  8 
PHn<ert' tnA,  469    (n) 

types,  288 
PriemoHc  eoiowre,  74 

systems,  II 
Proqf  spirit,  443 
Proportion,  what,  26 
ProporHona  in  which  bodies  coabtne^  S3 
componndf  of  many,  24 
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ProporHam,  lawi  of,  24 
limited,  24 
in  Tolumes,  381 

Protector^  Daty's  87 

Proto-chloride  of  manganuef  255  (n) 

Protoxide  of  nitrogen,  141, 

decompoied,  143 

proc688  for,  142 

properties,  142 

Pnu9ian  bbu,  416 

coDfftitntinn  of,  416 
Pruanate  of  mercury,  S19 
potfiBsa,  410 
PuddHngqfiron,^! 
Pulae  glas$,  56 
Puhn*  aiUimofdaUt,  286 
Pwr^eation  of  alcohol,  441 
Purple  of  Caeehu,  266 
Pwjmraie  ofamrnomot  Be«  Mureandf  431 
Purpuric  add,  433—504 
Put,  503 
PuirtfacUon,  490 

effluvia  from,  its  effect!,  492 
Pyracidi,  theory  of,  366 
Pyrt<e«,  iron,  260 

copper,  294 
PyroHgneoua  acid,  376 
Pifrometer,  38 

Daniel'e,38 
PyrophoruM,  Homberg*g,  330 
Pyrophoaphorie  add,  174 
Pyrophoephaiee,  845 
PyroxyUe  aptr»<,454 

Qsee  of,  454    [n] 
iyrAme,  132    [o] 


QUADROXALATJE  of  potana,  872 
Quadrochloride  of  nitrogen,  193 

ana ly nil  of,  194 
^uanUty  tfmaiter,  its  inflaence,  28 
Quevemu,  his  obeervatiooi  on  yeast,  511 
436 

adulteration  of,  436 

disttlphate  of,  436 

hydro-ferrocyanate  of,  486    [a] 
-procees  for,  486 


sulphate  of,  436 


RACEMOVINIC  ACW,  454 
Radiant  heat,  65 
Radiation  in  vacuo,  66 

theories  of,  70 
RadicaU,  compound,  367 
Radical  vinegar,  376 
Ratioe,  combining,  26 
Ray$,  luminous,  fi 

calori6e,  70 

chemical,   75 

Red  fire,  SSe,    [n] 
dyes,  456 

R^finer'$verditer,B62    [n] 


1    R^eUon  of  heat,  67 
cold,  68 
Reaction,  double,  73 
of  light,  72 
of  inflammables,  72 

Regubu  of  antimony,  2S5 
RenneKGOX 
Ream,  alpha,  464 
beta,  464 

Reeina,  463 

gum,  466 
solvents  of,  463 
dissolved  by  ether,  451 
solid,  465 

Reapiration,  494—497 

consumption  of  oxygen  by,  498 
carbon  produced  by,  498 

Rhodio-chloridea,  359 

Rhodium,  319 

Rhodizonic  acid,  378 

Rhombohedral  ayaiem,  12 

Rocou,  458 

Rochelle  aalt,  385 

Romi  de  lAale'a  theory,  7 

Rooia,  488 

Roain,  462—464 

12011^6,458    [n] 

Rum,4S8 

Run^ford'a  experiments,  65 


8ACCHAR0METER,  487 
Sitfeiy  lamp,  218 

principle  of  the,  218 

Saffron,  458 
Sago,  472 
Stu  ammoniac,  868 
native,  364 

SaHcin,  436 

SaJlioa,  500 

Salop,  472 

Sait,  common,  chloride  of  sodium,  286 

Glauber's,  822 

of  lemons,  871 

of  hartshorn,  491 

Satta,  ammoniacal,  363 

atomic  composition  of,  104 
characters  of,  105 
composition  illustration  by,  26 
double,  104,  821 
haloid,  105, 358 
microcosm  ic,  848 
neutral,  104 
^  orders  of,  104 
oxy,  320 

of  pliosphuretted  hydrogen,  856 
saturated  solution  of  obtained,  4    (o) 
solution  of,  produces  cold,  62 
super,  104 
sulphur,  106,866 

SantaUn,  458  (n) 
Sap  green,  486 
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Saraioga  waUn.  iodiiie  In,  606 
Saturationt  8,  14 
Saturn,  mil  of,  379 
Sauer  kraui,  acid  iu,380 
Saxon  bliUt  457 
Scale  of  e^uivaUnitf  618 
ScheeU'B  green,  Zi5 
Sealing  wax.  464 
SclerotiuM  giganieum,  893 
Sclerotin,  393 

JSea  ta/f,  hydrochloric  smid  from,  185 

theory  of,  186 

Secondary  action,  98 
Seebeck's  experiments,  74 
Seede,  485 
Seignette't  rah,  385 
«f  Celtic  acid,  180 
^f^«moitf  acid,  180 
Selemtee,  180 
Selenium.  178 

biiulpharetof,  221    (d) 

equivaleot  of,  179 

■oiircet  of,  178 

oxide  of,  179 

tingea  flame,  179 

Selemwrei  of  pkoephonut  221    (o) 
SeUnmreU^  metMllic,  227 
Seleniuretied  hydrogen,  217 
SeUzer  water,  849    (n) 
Senna,  4S4 
SeneibU  heat,  58 
Serout  fluids,  SOS 
Seequiferroeymutrei  ^troa,  416 
^criMi,  487 

■olid  matter  in,  496 

analyiis  of,  497 

Signal  Ughtt,  9S6    (n) 
SUiea,  177 

in  blood,  496 

obtained,  177 

properties,  177 

uses,  178 

Silicic  add,  177 
SiHcO'fluoridee,  861 
Silicon,  176 

obtained,  176 

oxide  of,  177 

properties,  176 

terchloride  of,  195    (n) 

Siher,  alloys  of,  311 

assay  of,  308    (n) 
chloride  of,  310 
copellation  of,  808    (o) 
cyanates  of,  401 
dietonatiog,  310^ 
eflect  of  galvanism  on, 95 
•Itqoatioo  of,  809,   (n) 
folroinating,  810 
fhinoe,  811 
born,  810 
ores  of,  807 
oxide  of,  809 
properties  of,  308 


Siher,  purification  ef,  807 

solvent  of,  309,  387    (■) 

suodard,  312 

sulphate  of  oxide  of,  829 

solphuret  of,  311 

Urnish  of,  308 

tree,  810 

triphosphate  of  oxide  of,  344 

Silvering  far  diaU,  311 
Simple  hodiet  31 
Skin,  494 

aflr<-cts  the  air,  489 
Smalt,  270 
Smelle  removed  by  charcoal,  152 

chbrioe,  184 

Sot^,  460 

Soda  alum,  331 

Soda,  bi-borate  of,'847 

a  new  warn,  SIT    (•) 

bi-carbonate  of,  849 

carbonate  of,  348 

distingoisbed,  236 

liqaid,  disinfecting,  349    (n) 

nitrate,  336 

powders,  386    (n) 

preparation  of,  see  Poi 

properties  of,  285 

sesquicarbonnte  of,  349 

sulphate  of,  822 

tartrate  of,  and  potaan, 

triphosphate  of,  848 

water,  349    (n) 

«oiKiMi,284 

bromide  of,  236    (a) 

chloride  of,  286 

fluoride  of,  236    [n] 

iodide  of,  236    [n] 

oxides  of,  235 

properties  of,  234 

proto<«ulphuret  of,  236 

protoxide  of,  285 

sesquioxide  of,  236 
S4gmering*9  experiments  on  akahol,  4tS 
Solar  pl^aphori,  77 
Solder;  800 
SoUdt,  expansion  of,  88 
SolubiHty,  tried,  4    [n] 
Solution,  defined,  3 

objects  of,  8 

produces  cold,  61 

saturated,  4  £a] 

Soot,  481 

SomervUle'e  experiments,  76 
Sorbie  acid,  see  MaUc  acid. 
Sorrel,  salt  of,  see  Oxake  «eid» 
Specific  gravity,  114 

changed,*  16 

caloric,  48 

of  gases,  calculated,  88 

heat,  48 

Speculum  metal,  297 
Spectrum,  soUr,  74 
fi^etsf ,  270 


SUL 
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SkteUer,  268 
AermaceU,  602 

oil,  503 
SpiroU,  469 
SpU^  of  totfie,  488 
Spiritui  atheris  nitriei,  458 
Spongy plaUnuMf  action  of  on  gases,  I9§ 

-— —  carbonic  oxide,  161 
fir^/,488 
SUmnatei,  267 
Stark*s  experiments,  67,  70 
Starch,  obtained,  471 

test,  prepared,  200    [n] 

converted  into  sugar,  471 

in  seeds,  4d5 
State  ofbodie;  60 
Steam  apparatus,  66,  59 

latent  heat  of,  58 

uses  of.  69 
Stearic  acid,  890 
fineartiie,602 
SUely  227. 262 

alloyed,  263 

coated  with  ffold.  &c.  451    [n*] 

temper  ins  of,  262 
Stodartd'e  expHs  on  coating  steel,  461  (n) 
Stratburg  iurpenHne,  464    (o) 
Stream  tm,  266    (a) 
Strontium,  239 

chloride  of,  240 

iodide  of,  240  (n) 

obtained.  240 

peroxide  of,  240    (n) 

protoxide,  239 
StronHat  carbonate  of,  860 

salts  of,  240 

sulphate,  324 
Strontianitet  360 
Strychnine,  437 
Sweet  apirit  of  nitre,  468 
Sublimate,  corrosive,  304 
Sublimation  of  benzoic  acid,  881—^2 
SubacetaU  of  lead,  879 
Sub- carbonate  itf  ammonia,  360 
Subetantive,  colours,  466 
SubetiUitione,  theory  of,  866 
Sucdnamide,  468 
Succinates  376 
Succinic  acid,  376 

in  amber,  466 
Suet,  602 
Sugar,  469 

from  beets,  469 

acid  from,  874 

action  of  acids  on,  470 

of  grapes,  470 

of  starch,  471 

liquid.  470 

of  lead,  379 
SulphanUde,  468 
Sulphatee,  charactere  of,  321 

claflsiScatioo  of,  322    (n) 

decomposition  of,  227 

doable,  330 

—  of  potassa  and  alamioo,  380 


Sulphate,  of  alumina,  826 

of  ammonia,  328 

of  baryta.  323 

of  cobalt,  338 

copper,  328 

iron,  326 

lime,  325 

lithia,  323 

magnesia,  325 

mercury,  329 

nickel,  328 

oxide  orammeniofB,  883 

potassa,  322 

qiilniu,  436 

silver,  329 

soda,  322 

strontin,  824 

sine,  327 

SulphUeo(\mryt9i,33Sl 

lime,  332 
SulphUee.  166.  332 
Sulpho-cetic  acid.  448 
Sulpho -cyanic  acid,  420 
SulphO'hydric  ether,  462    (n) 
Sulpho-naphthalic  acid,  480 
Sulphur,  161 

acids,  366 

alcohol  of,  820 

combination  of  carbon  with,  220 

metals  with.  226 

combustion  of,  162 

contains  b3'drogen,  162 

crystallized,  161 

equivalent  of.  162 

flowers  of,  162 

vapour  of,  162 

salts,  855 

Sulphuret  of  Ethyl,  452 
Sulphur ete,  action  of  heat  on^  226 
oi' antimony,  287 

arsenic,  276 

iron,  259 

nitrogen,  221     (n) 

phosphorus,  221 

platinum,  318 

silver,  311 

tin,  367 

vanadium,  281 

Sulphuretted  hydrogen.   See  Hydrotulpheh 

ric  acid  gaa. 
Sulphuric  acid,  165 

action  on  iron,  257 

i on  oxamide,  467 

analysis  of,  167 

boiling  point,  167 

ether,  448 

manufacture  of,  165 

illustrated,  166 

i theory,  166 

of  Nordhauseut  165 

purified,  166 

strength  of  ascertained,  167 

test  of,  168 

uses,  168 
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8ulphurouB  add,  183 

analysis  of,  VA 

bledcUes,  164 

coDveriiblf  into  solpburie  acid,  164 

liquefied,  165 
Surfaeet  influence  of  on  radiation,  66,  506 
Sweet  oil  of  totiM,  451 
SyMua,  salt  of,  378 
Symbols,  cbemical,  88 

Berxeliua's,  35 

table  of,  84 
SympathOU  ink,  270  (n) 
Syn&€9ia.36 
Sytema  of  crygUdUzaUon,  10 


TABLES  of  ^f&wtj,  18 

equivalent  weights  and  specific 

gravity  of  gaaea,  32 
freezing  mixtures,  61 
symbols,  84 
TVmme  odd,  388 

artificial,  390 

distinguished,  889 

varieties  of,  889 
xVumtii,  Soo 
Taimo-gtiatinet  389 
Tantdtum,  same  as  Cokmbimmt  284 
Toptoea,  47S 
Tar,4a\ 
Tartar t  cream  of,  884 

emetic,  885 
Torforic  acid,  888 

properties,  884 

a  test,  384 
TartraUt  of  antimony  and  potassa,  885 

-~^-  iron  and  potassa,  385 

--^  potassa,  884 

— — <•  potassa  and  copper,  885 

—^  and  soda,  885 

Tartrowmc  add,  454 
TtUuriuMy  !29S 

action  of  nitric  acid  on,  298 
TtlhirouM  add,  293 
Temperaiwrtt  48 

ascertained,  44 

changed  by  chemical  onioo,  16 

■  by  solution,  52 

influences  affinity,  21 

of  the  globe  equalised,  61 

of  steam,  58 
Tempering-,  262 
Tendotu,  494 
Terehloride  of  gold,  814 
Teriodide  tf  nitrogen,  201 
Teete,  liquid,  14 
Teet  papers,  made,  455    (n) 
Tetarto-carbO'hydrogen,  45S    (n) 
Texture,  eifect,  of,  63 
Tkebaia,^40 
Theory  of  volume;  81 
Thermometer,  44 

differential,  46 

radnction  to  mean  height  of  the,  42[n] 


Thermomitler,  self  registering,  47 

Setx's,  47,  new  viii 
ThermowuUre,  correspondence  between,  45 
Thialie  ether,  452 
Thionurie  add,  429 
Third  body,  eflect  of  a,  17 
Thorium,  230 
Thortna,250 

properties  of,  250 
3Vn,  265 

acetate  of,  878 

alloys  of,  268 

chlorides  of,  267 

crystallised,  265     [n] 

filings,  265    [n] 

foiU265    [n] 

oxides  of,  266 

permoriate  of,  267 

properties,  265 

salu  of.  268 

sulphurets  of,  267 
7Vii«a/,347 
TYtonuMi,  291 

metallic,  292 

oxides  of,  292 
7¥teiiie  4iciJ,  291 
TUanofluofidee,  861 
Tola,  balsam  of,  465  (a) 
Torpe<loet,  810 

Torrey*s  apparatus  for  nitric  etiier»  4BS 
Train  oU,  503 
Tr^hoephatee,  848 

of  lime,  344 

magnesia,  844 

oxide  of  silver,  344 

soda,  843 
T\ibe  t^^parahu,  117 
TVng^sIm,  288 

chlorides  of,  284 

oxides  of,  283 
7\isi^fl<d<ss,  284 
T\Mgstie  add,  283 
Tungeto-eulpkurete,  858 
TWmerie,  456 
Turpentine,  oil  of,  462 

Strasborg,  464    [n} 

Venice,  464 
TVirpc^A  mineral,  329 
Tutenag,  297 

UNIT,  chemical,  29 

Union  of  tubetaneee,  in  ctrtain  proportions, 

Urama,4S9 
UramiUc  add,  480 
UramuM,  289 

oxides  of,  289 
Urea,  899—604 

compounds  of,  400 
Ure*e  drying  apparatos,  59    (n) 
Urete,  what,  103 
Uric  oxide,  433 

acid,  504 
Crrtiie,604 
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Urine,  pboiphate  of  amraoaia  and  nagnMim 
in,  844 

area  from,  400 

component  p;irts  of,  004 
VANADIC  ACID,28l 
Vanadium,  280 

oxides  of,  281 

•ulphnretB  of,  281 
Vt^forixaUont  M 
Vapcwtf  dilatation  of,  64 

table  of  elastic  force  of,  620 

aqueoua,  617,618 
FortiuAct,  464 
Varvaeite,  263    (n) 
VegetabU  add*,  369 

alkali,  232 

bodieti,  362 

principle!,  362 

— »—  form  definite  oonpoanda,  868 

clanea  of»  368 

soil,  400 
Vegetable;  alkalies  in,  484 

— — — ^—  distinguished,  484 

decompose  water,  134 

growth  Sec.,  affected  by  light,  76 

decomposition  of,  490 

of  carbonic  acid  bv»  167 

products  of  destrnctife  distillation  of, 
477 

principles  in,  362 
■    neutral,  467 
Veniee  turpenUne,  464 
VenHlaUon,  41 
Verairia,  437 
Verdigrit,  379 

composition  of,  879     (n) 
VerdOer,  852 
Verytdce,  470 
Vermilum,  306 
Vefrier*9  procete,  for  oiude  of  phospbonis, 

172    (n) 
Vmegar,  876-489 

distilled,  376 
Vmoua  fermentation,  487 
l^ctn,  476    (n) 
Ftston,71 
Viiriol,  blue,  See  Copper,  tulphate  of,  828 

green.  See  iron,  tulphate  of  326 

white,  See  Zinc,  nUphate  of  327 

oil  of,  table  of,  521 
VoloHU  oUi,  461 

obtained,  461 

action  of  acids  upon,  462  I 

quantity  afforded  by  t arious  seeds,  kc,  ' 
462    (n) 
VoUa*9  eudiometer,  188 

pile,  90 

crown  of  cops,  90 

theory,  86, 92 

^—  evidence  anioft,  98 
Voltaie  eleetrieUy,  86,  88 

circles,  85,  88 

^— —  without  metalSi  88 

chemical  effects  of,  96 

Davy's  experiments,  96 

effbet  on  meiala,  96 

70 


Voltaie  eleetrieii^,  VnnAfBmpmkamlB^ 
magnetic  etfects  of,  lOS 
new  terms,  98 
WASH,  487    {a) 
Water,  action  of  on  lead,  298 
analysis  of,  131 

'  by  galvanism,  96 
'   by  vegetables,  188 
apparatus  for  showing"  the  composi* 
tion  of,  131 

■  decomposition  of,  96, 181 
basic,  5 

composition  of,  129 

illustrated,  130 

compressible,  138 

constitutional,  6 

— —  removed,  6 

contains  air,  133 

of  crystallization,  6 

decomposed  by  galvanisai»  96,  181 

■  by  poiassiuin,  231 
distilled,  182 

expands  by  cold,  48 
frozen  by  ether,  460 

■  by  rapid  evaporation^  60 
ffilding,  316 

hard,  325 

of  ammonia,  210 

■     process  for,  211    (n) 

maximum  density  of,  48 

not  essential  in  voltaic  eircleiy  87 

properties  of,  132 

quantity  of  gas  absorbed  by,  183    (o) 

quantity  of  denoted,  6 

Seltzer,  349    (n) 

a  slow  conductor,  66 

soda,  349    (n) 

standard  weight  and 'measure  of,ld2(n) 
fVatere,  distilled,  462 
JVax,i60 

bees,  460 

cow  tree,  461 

myrtle,  461 

sealing,  464 
Weight,  2 

atomic,  80 

of  gases,  82 
Weight*  and  meaanret,  625 
WetMM  his  systems  of  crystals,  10 
Welle*  experiments,  6C  • 
WeUher*$  tube,  187    (n) 
WenzeVe  law,  27 
Wheat  flour,  471 
Whey,  601 
WhiU  oxide  ofbitmdh^  291 

flux,  833    (n) 

lead,  299 

pearl,  291 

vitriol,  327 
Wileon'e  phoephorm,  Tt    (n) 
IFifi€,488 

heavy  oil  of,  464 

light  oil  of,  462 

sweet  oil  of,  461 

odour  of,  to  whal  owiogt  488 
Wire  gauze,  effect  of,  78 
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Woikuitm'9  eryofihonig,  61    (n> 

■cale,  29,  613 

theory  of  crystmls,  8 

theory  of  galvanism,  92 

thermometer,  66 
Woods f  quantity  of  oxyeen  reqoired  for 

combttttioB,  4o4 
Wood,  affords  oxalic  acid,  370    (o) 

—  pyroxylic  spirit,  464 
Woody  fifn-et,  483 
IToo/,  494 

XANTHJC  QXWE,  433 

478 


YELLOW  D  YES,  467 
YtUow,  King*!,  277 

acid,  492 
nfria,249 
FUHmm  219 

propertiet  of,  S49 

■altB  of,  249 


ZAFFRE,  270 

ZoniAtn,  468    (n) 
Zeine,415    (n) 
Zinc,  acetate  of,  878 

amalgamated,  87    [n] 

blende,  264 

chloride  of,  263 

circle,  86 

combiuiion  of  in  oxygen  gu,  ISO 

flowers  of,  263 

for  hydrogen  gaa,  263    [b] 

properties,  285 

protoxide  of,  268 

sulphate  of  protoxide,  827 

uses  of,  264 
Zireoniat  261 

properties  of,  261 
Ztreoiwum,  250 

properties,  261 

sesquioxide  of,  261 
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Fig. 
JACKSON'S  oxyaloobol  lamp,    1,  2  Front. 
Air  Pump,  6,  6    do. 

De  Luc'i  columni,  7    do. 

Dish  for  freezing  water,  8*"  do. 

Clarke*!  eiectro-mag.  machine,  9, 10    do. 
New  tliermometer,  11    do. 

Adams'  apparatus  for  solidifying 

carbonic  acid  gas,  1, 2  PI.  I. 

Do.  for  washing  precipitate!,        1,  2  P1.1I. 
Gahn's  cylinder  nolder;  S^^i^    do. 

Condensing  apparatus,  6    do. 

Cooper's  mercurial  receiver,  7    do. 

Befistroem's  support,  8    do. 

Hare's  app'ts  for  byd.  and  chlorine,  9    do. 
HaQy's  primitire  formsyt  1  to  6  Page  8 

DanielPs  method  of  developing 

crystalline  structure,  7        8 

Simple  and  compound  forms,     8  to  18        9 
Weiss's  system  of  crystaUixa- 

tion,  14  to  20      n 

Apparatus  for  hydrochlorate  of 

ammonia,  21      16 

Pyrometer,  22      88 

Apparatus  for   ilhwtrating  the 

expansion  of  liquids,  28      89 

Do.        do.       do-  24  to  25     40 

Do.        do.        of  air,  26      41 

Do.  change  of  specific  gravity 

in  liquids  by  neat,  27      41 

Do.  ascent  of  heated  air,  28      41 

Thermometers,  29  to  84      46 

Apparatus  for   illustrating  €&• 

pacity  of  bodiea  for  beat. 
Do.  evolution  of  heat  by  con- 
densation of  air. 
Do.  for  freexing  mercory» 
Poise  glass,  or  manometer, 
Apparatus  for  illustrating  the 

effect  of  diminished  preesartt 

oo  the  boiling  point,  89      66 

Mareet's  apparatm  for  increw- 

ed  preMure,  &e.  40     66 
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60 
68 

66 


87 
38 


Pig.  Pom 
Mareet's  ap'ts  for  freestng  mcrenry,  41  67 
Henry's  do,  for  boiling,  £c.  42      68 


44 

45 
46 

47 
48 

49 


62 


Wollfliston's  steam  tube, 
Leslie's  method  offreesing 

ter  in  vacuo, 
Cryophorus, 
Mareet's  modification 
Hare's  apparatus  for  «xbibit- 

ing  the  conduction  of  water, 
Romford's  do.        do.        do. 
Davy's        do.        do,    the  ra« 

diatioB  of  heat  in  vacuo, 
Bache's  do.  absorption,  Itc.  of  heat,  60 
Pictet's    do.    illustrating  the 

radiation  of  heat, 
Diagram  illustrating    the   re- 
fraction of  light. 
Ignition  of  platmum  wire, 
A  phlogistic  lamp,  54 

Electrometer,  56 

Series  of  electrical  ooMloeton,       66 
Electropboros,  67 

Voltaic  circlee,  68, 69 

Simple  circle,  60 

Circular  arrangemeat»  61,  62 

Hare's  calorimotor,  68 

Method  of  formiog  copper  and 

sine  plates,  64,  65 

Crown  ofoapa,  66 

Voltaic  pile,  67 

^—  trough,  68, 69,  70 

Wollaston's  Plates,  71 

Hare's  deflagrator,  72  to  74 

Figure's  illustrating  Faraday's 

experiments,  75  to  78 

Arrangements  for  deoovipoiiBg 

water  by  galvanism,  79  te  81 

Davy's  cups. 
Arrangement    for  trantfer  of 

acid  and  alkali, 
Faraday's  voltameter  84 
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60 
61 

61 

64 
65 

66 

66 
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72 
78 
78 
80 

81 
84 
86 
88 
89 
89 

89 
90 
90 
90 
91 
91 

98 

96 
97 

97 
100 


Gae  bottlet, 
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Flexible  lube,  & 

Iran  gai  bottlet,  S9,  90 

AppiiratiM    for     maaipalatior 

91  to  95 

96,97 

98 

99 

100 

101 

102 

103 --4 

105 

106 

107—110 


widi  g*Bm, 
Poeamatic  trouglu, 
Oradttated  tobe, 
Gai  funnel, 
Oaaomeier, 
Gas  holder, 
•^—  —  of  Pepya, 
-^—  -^—  of  Hope, 
Newmann's  meroiirial  troogfa. 
Detonating  tube, 
Farnacee, 
ApparatiM  for  eubmitting 

to  electricity, 
Pepy't  transferring  tube. 
Transferring  of  gaies  from  tobee 
Hydrostatic  balance* 
Leslie's  apparatus  for  taking 

specific  gravity  of  powders. 
Jars  for  combiist'n  in  ox.gas,  116 — IIS 
Cky  Lassac's  hyd.  gas  ap^ts,  119 

Hare's  hyd.  gas  reservoir,  self- 

regulating. 
Bladder  and  pipe  for  hyd.  gas, 
Arrangernent  (or  extiagMshiog 

flame  in  hyd.  gas, 
Dobereiner's  lamp, 
Electrieal  pistol. 
Small  caloriaotMr  far  explod- 


111 
112 
113 
114 

115 


120 
121 

122 
123 
124 


fo 


125 
126 


Tube  for  exploding  gases. 
Arrangement  for  cki.  by  electricity,  127 
Hare's  compound  blow  pipe,  128 

Conceairic  jeC  for  do.  129 

Brooke's  blow  pipe,  130 

Appamtus  lor  the  formatioo  of 

water,  181  to  133 

Do.  for  decomposition   of  do. 

by  iron,  184 

Do.  do.  do.  do.  by  galvanism,        135 
Distillation,  136 

App'u  for  obuiotag  mtragea,  187, 138 
Ure's  eudiometer,  189 

Apparatus  for  decomposition  of 

protoxide  of  nitrogen,  140 

Do.  for  distillation  of  ■ilrie 

acid,  141, 142 

Do.  for  actioa  of  aicrie  acid 

and  pbosohorus,  143 

Do.  for  carbonic  acid  gas,        144, 145 


Nooth's  apparatus, 
Apparatus  for  exhibiting  the 

escape  of  Ciirbonic  aeid. 
Do.  for  ascertaining  loss  of  do. 
Alkali  meter, 

Apparatus  for  sulphurous  acid, 
Reid's  mercurial  iroogb. 
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147 
148 
149 
150 
151 
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106 
107 

107 
108 
108 
108 
108 
109 
109 
110 
110 

111 
111 

112 
113 
114 
115 

116 
120 
123 

123 
124 

124 
125 
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125 
126 
126 
127 
127 
12S 

130 

131 
131 
13« 
184 
188 

148 

148 

150 
154 
154 

156 
158 
159 
163 
168 


Apparatus  for  illustrating  the 

formation  of  sulphuric  acid,        162 
Do.  for  phosphonis,  163 

Do.  for  combustion  of  phos- 
phorus in  oxygen  gas,  164, 165 
Do.  for  oxidation  of  pbMphoras,  156 
Do.  for  chlorine  gas,  157 
Do.  for  combustion  in  do.  158, 159 
Davy's  do.  do.  of  charcoal  in  do.*  160 
Woulfe's  apparatus,  161 
Apparatus     for     hypochlorons 

acid  gas,  ( Euehlorme)  162, 163 
Glass  syringe  for  taking  np chlo- 
ride of  nitro^n,  164 
Apparatus  for  iodine,  165 
Do.  for  passing  gases  into  liquids,  166 
Do.  for  hydrofluoric  acid,  167 
Do.  for  ammoniacal  gas,  168 
Do.  for  decomposing  do.  169 
Do.  for  exhibiting  the  action  of 

chlorine  and  ammonia,  170 

Do.  for  obtaining  aqua  ammonia,     171 
Do.  for    do.        do.  do.  172 

Method  of  illustraCiBg  the  efieot 

of  wire  ffauze,  173 

Davy*s  sawiy-lamp,  174,  175 

Apparatus  for  phosphoretted  hyd.    176 
Do.  for  bisnlphuret  of  carbon,  177 

Ure's    instrument    for  testing 

chloride  of  lime,  178 

Marsh's  apparatus  for  deteclinff 

arsenic,  179,  190 

Bene! itts's  tube  for  reduction  181 

Matras  for  red  precipitate,  182 

Cupel  mould,  183 

Muffle,  184 

Cupelling  furoaee,  185 

Apparatus  for  illustrating  the 

iormation  of  sal  ammoniac,  186 

Do.  for  hydroBulpfaate  of  ammonia,  187 
Sublimation  of  bensoic  acid,  188 

Apparatus  for  hydrocyanic  acid,      189 
Do.  for  coadensatioB  of  alcohol 

and  water,  190 

Hydrometer,  191 

Apparatus  for  solphnrtc  ether,  192 ,193 
Do.  for  freesiog  with  ether,  194 

Torrey's  apparatus  for  nitric  ether ,195 
Italian  recipient  for  distillation 

of  oils,  196 

Apparatus  for  oil  gas,  197 

Saccharometer,  198 

Apparatus  for  formentation,  199 

Apparatus  for  potassium, 
Alcohol  lamps,  ftc. , 
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*  This  also  answers  for  daeompoeing  by- 
drosulphnric  acid  gas  by  gaivaoism. 
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